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PREFACE 

Parts  I  to  V  of  this  book  were  published  in  five  successive  numbers 
of  the  Journal  of  Dental  Reseauch,  Vols.  II  and  III,  beginning 
in  March,  1920,  The  purpose  of  the  book  is  to  give  a  brief  and  con- 
cise review  of  the  origin  and  evolution  of  the  human  dentition  from 
the  palaontological  viewpoint;  but  how  far  brevity  and  conciseness 
have  been  achieved,  in  the  midst  of  so  many  debated  subjects  requir- 
ing detailed  discussions,  must  be  left  to  the  reader's  verdict. 

The  facts  and  interpretations  of  facts  here  set  forth  are  such  as 
have  presented  themselves  during  the  course  of  the  author's  palseonto- 
logical  studies  at  Columbia  University  and  at  the  American  Museum 
of  Natural  History,  where  since  1900  the  author  has  had  the  inesti- 
mable privilege  of  close  association  with  Professor  Henry  Fairfield 
Osbom. 

As  fully  set  forth  in  Professor  Osborn's  work  on  the  Evolution  of 
Mammalian  Molar  Teeth  (1907),  we  owe  to  the  late  Professor  E,  D. 
Cope  of  Philadelphia  the  discovery  (1883)  that  the  "tritubercular 
type  was  ancestral  to  many  if  not  all  the  higher  types  of  molar  teeth." 
"This,"  writes  Professor  Osbom,  "is  one  of  the  most  important 
generalizations  ever  made  in  mammalian  comparative  anatomy." 
He  further  says  that  in  his  opinion  "the  evidence  in  favor  of  it  is  so 
overwhelming  that  primitive  trituberculy  is  no  longer  an  hypothesis 
or  a  theory  but  an  estabhshed  fact."  Similarly  Doctor  J.  L.  Wort- 
man,  author  of  a  standard  work  on  the  Comparative  Anatomy  of  the 
Teeth  of  the  Vertebrata  (1886),  and  the  discoverer  and  describer  of 
many  important  types  of  Eocene  mammals,  writes  thus  of  Cope's 
theory  of  Trituberculy  (1921,  p.  187) :» 

"The  broad  generalization  sought  to  be  established  by  this  theory  is  one 
of  the  most  important  and  far  reaching  deductions  within  the  whole  range 
of  mammalian  morphology,  and  is  a  performance  in  every  way  worthy  of 

'  See  the  bibliography  for  complete  versions  o(  this  and  similarly  abbreviated  refereaces. 


the  great  master  mind  that  conceived  it.  It  is  one  of  the  many  enduring 
monuments  that  will  stand  to  the  credit  of  this  greatest  of  all  .\merican 
morphologists  as  long  as  the  science  is  cultivated. 

"It  is  to  be  observed  that  Cope's  theor>'  of  Trituberculy,  as  the  name 
implies,  sought  only  to  reduce  the  highly  develop>ed  and  complex  molar 
patterns  to  the  basis  of  the  simple  three-cusped  stage,  and  his  researches 
and  discoveries  were  largely  to  this  end.  These  studies  were  mostly  made 
upon  the  Amblypoda,  Fhenacodonts,  Ungulates,  Primates,  Carnivores  and 
related  groups,  and  it  is  largely  upon  the  molar  evolution  of  these  orders 
that  the  generalization  rests.  In  this.  Cope's  researches  have  been  epoch- 
making  and  it  was  almost  wholly  through  these  efforts  that  the  evolution 
of  the  complex  and  complicated  molar  patterns  of  these  forms  was  &rst 
completely  understood.  In  the  further  dcNelopment  and  elaboration  of 
this  subject,  the  researches  of  Cope  have  been  powerfully  supplemented  by 
the  work  of  Scott  and  Osborn,  especially  the  latter,  who  lias  contributed 
greatly  to  our  knowledge  along  these  lines," 

These  statements  by  Professor  Osborn  and  Doctor  Wortman  in 
support  of  Cope's  generalization  rest  upon  the  broadest  basis  of  fact. 
Since  1891  expeditions  from  the  American  Museum  of  Natural 
History  have  collected  many  thousand  specimens  of  fossil  mammals 
from  a  long  and  closely  graded  series  of  horizons  in  the  Paleocene, 
Eocene  and  later  formations  of  the  West.  These  enormous  collections, 
which  are  still  being  described  in  American  Museimi  publications, 
afford  cumulative  evidence  (which  only  those  who  know  the  material 
at  first  hand  can  fully  appreciate)  for  Cope's  and  Osbom's  conclusion 
that  trigonal  upper  molars  and  "tuberculo-sectorial"  lower  molars 
are  truly  ancestral  in  pattern  and  may  be  traced  along  divergent 
lines  into  the  more  complex  molars  of  various  groups  of  carnivores, 
condylarths,  perissodactyls,  primates  and  other  orders.  Nor  should 
.  we  forget  the  reenforcement  of  this  conclusion  afforded  by  the  great 
collections  of  European  fossil  mammals,  as  described  during  recent 
years  by  Dcp^ret,  Schlosser,  Stehlin  and  many  other  paleontologists. 
In  1895  Professor  Osborn  applied  to  the  cusps  of  the  human  molars 
the  system  of  nomenclature  which  he  had  invented  at  an  earlier 
period  for  the  molar  patterns  of  Eocene  mammals,  replacing  such 
cumbrous  terms  as  anterior  palatal,  anterior  buccal,  etc.,  with  the 
simple  and  easily  remembered  terms  of  protocone,  paracone,  meta- 


cone,  hypocone,  for  the  cusps  of  the  upper  molars,*  and  protoconid, 
metaconid,  hypoconid,  entoconid  and  hypoconulid  for  those  of  the 
lower  molars.^  "When  we  understand,"  he  continued,  "that  all  the 
teeth  of  all  mammals  have  this  key,  this  tritubercular  key,  we  can 
unlock  the  comparisons  through  the  series  and  point  out  the  homolo- 
gies," a  statement  which,  after  certain  reservations  and  restrictions 
have  been  made,  is  still,  in  the  judgment  of  the  writer,  essentially 
true. 

Unfortunately  the  numerous  and  fundamental  contributions  of 
Professors  Cope  and  Osbom  to  the  subject  of  the  evolution  of  mam- 
malian molar  teeth  from  the  tritubercular  type  onward,  are  too  often 
lost  sight  of  as  a  result  of  the  altogether  disproportionate  attention 
that  has  been  devoted  to  the  "Cope-Osbom  hypothesis"  of  the  origin 
of  the  tritubercular  molar  from  the  triconodont  molar.*  This  "frail 
hypothesis,"  as  the  writer  has  called  it  (1916,  p.  240)  was  that  tri- 
angular molars  had  been  derived  from  the  triconodont  type  with 
three  cusps  in  fore-and-aft  line,  by  the  migration,  rotation,  or  circimi- 
duction,  of  the  two  marginal  cusps,  outward  in  the  upper  and  inward 
in  the  lower  jaw. 

The  Cope-Osborn  hypothesis  has  been  rejected,  as  insufficient 
or  in  conflict  with  other  evidence,  by  several  authors,  including  Dr. 
J.  L.  Wortman  (1903-'04).  Professor  Osbom  in  1907  (p.  8)  restated 
the  evidence  in  its  favor  and  concluded,  "there  is  thus  evidence  for 
cusp  rotation,  but  it  is  not  an  essential  part  of  the  tritubercular 
theory,  because,  as  above  stated,  the  denticles  (para-  and  metacones) 
may  have  arisen  on  the  inner  and  outer  sides  of  the  crown  from  the 
outset." 

*protocoDe  =  mesioliugual  'protoconid  =  mesiobuccal 

paracone    —  mesiobuccal  paraconid  (absent  in  man) 

melacone  ^  distobuccal  metaconid  »  mesiolinguol 

hypocone  —  distolingual  hypoconid  =  distobuccal 

entoconid   »   distolingual 
hypoconulid  •=  distal 
'Wortman  {1921,  p.  1ST)  attributes  to  Osbom  the  authorship  oE  this  hypothesis;  but 
Cope  (in  his  Origin  of  the  Fittest,  p.  347)  refers  to  it  as  his  own,  and  Osbom  has  always 
(1888,  p.  243;  1907,  p.  4)  given  Cope  the  credit  for  it.    It  is  dearly  set  forth  in  Cope's 
article  on  the  Creodonta  in  the  American  NaluratisI,  1884,  p.  259, 


Fic.  A.  The  Osbobnian  Nomenclature  of  the  Molae  Cusps 


A. — Second  left  upper  molar  of  man  (Kaffir). 
B. — Second  left  lower  molar  of  man  (Australian  black). 

C. — Second  left  upper  molar  of  Pelycodus  Irigonodus,  a  lower  Eocene  temuroid. 
D. — Second  left  lower  molar  of  the  same  species. 

C  and  D  represent  the  primitive,  tritubercular  upper  molar  and  tuberculo-sectorial 
lower  molar. 

Vavav  M 
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A. — Triconodont  stage  with  all  three  cusps  in  the  same  antero-postetior  plane,  as 
represented  by  Ampkilesles  (C). 

B. — Tritubercular  stage  with  the  two  minor  cusps  circumducted  to  the  outer  ude 
in  the  upper  teeth  (white)  and  to  the  inner  side  in  the  lower  (black). 

C. — A  lower  molar  of  Amphilales,  Jurassic,  England. 

D. — A  lower  molar  of  Menacodan,  Juia-Cretaceous,  Wyoming.  Inner  side  showing 
the  paraconid  and  metaconid  partly  displaced  to  the  inner  side  of  the  crown. 

E. — A  lower  molar  of  Spaiatoihtrium,  Jurassic,  England.  Paraconid  and  metaconid 
completely  displaced  to  the  inner  side  of  the  crown. 

This  hypothesis  is  applicable,  if  at  all,  only  to  the  origin  of  the  molar  patterns  of  the 
Triconodonta  and  not  to  other  orders  of  mammals. 


PREFACE  IZ 

In  the  present  work  (Part  I)  as  well  as  in  previous  ones  (1910, 
p.  193;  1916,  p.  242-3),  the  author  supports  the  view  that  in  the 
remote  ancestors  of  typical  mammab  the  para-  and  metaconids  of 
the  lower  molars  probably  arose,  in  situ,  as  up-growths  from  the 
cingulum,  but  that  in  Spalacotherium,  Menacodon  and  their  allies 
there  may  have  been  a  migration  or  shifting  of  the  para-  and  meta- 
conids. The  view  of  Cope  and  Osborn  that  the  so-called  protocone 
(mesio-Ungual  cusp)  of  typical  upper  molars  represents  the  original 
apex  of  the  crown,  has  been  attacked  by  many  authors,  as  set 
forth  by  Osborn  (1907)  and  the  present  writer  (1916). 

Recognizing  the  cumulative  weight  of  the  evidence  that  in  the 
upper  molars  of  early  Tertiary  mammals  the  so-called  protocone  is 
not  the  oldest,  or  first  cusp,  but  represents  an  upgrowth  from  the 
basal  tubercle  or  cingulum  [as  maintained  especially  by  Wortman 
(1903-'04),  Gidley  (1906),  Matthew  (1910),  Gregory  (1916)],  and 
that  the  primitive  tip  of  the  reptilian  crown  lies  in  the  paracone  (or 
para  -f-  mctacone),  the  author  has  formulated  in  the  present  work 
(Parts  I,  II,  fig.  44)  the  following  principles: 

(1)  That  in  the  triangular  upper  molars  of  early  Tertiary  mammals 
there  are  two  principal  "trigons,"  (a)  the  primary  trigon,  consisting 
of  the  divided  "original  tip"  (para  -f-  mctacone)  and  the  external 
cingidum,  and  (b)  the  secondary  trigon,  comprising  the  inwardly 
grown  "protocone"  and  the  divided  original  tip, 

(2)  That  the  homologue  of  the  trigonid  of  the  lower  molars  is  not 
the  secondary  but  the  primary  trigon. 

It  follows  from  these  principles,  and  from  studies  of  the  occlusal 
relations  of  the  upper  and  lower  teeth,  that  Cope's  conception  of 
the  origin  of  the  tritubercular  molar  and,  consequently,  the  whole 
nomenclature  of  the  mammalian  molars  proposed  by  Professor 
Osborn,  probably  rest  upon  a  misconception,  by  which  the  secondary 
trigon  of  the  upper  molar  was  viewed  as  corresponding  with  the 
primary  trigonid  of  the  lower  molar. 

But  are  we  therefore  to  agree  with  Dr.  Wortman  (1903,  1921) 
and  abandon  the  use  of  the  Osbornian  nomenclature?  Gidley  (1906), 
Matthew  (1910)  and  the  writer  (1916)  hold  that  as  these  names  are 
far  more  widely  used  by  paleontologists  than  any  others,  it  is  not 
likely  that  they  will  readily  give  up  such  a  convenient  system  for 


any  of  the  cumbersome  substitutes  that  have  been  proposed.  Even 
although  the  "protocone"  of  the  upper  molars  is  probably  not  the 
olricst  ctisp  of  the  mammalian  molar  crown,  its  name  need  not  carry 
the  implicatir>n  of  oldest,  if  used  as  a  conventional  name  for  that 
cusp.  Ami  even  although  the  protocone  of  the  upper  molar  has 
probably  arisen  with  and  is  functionally  analogous  with  the  talonid, 
or  ixwterior  part  of  the  lower  molars  (see  Parts  I,  II),  it  would  be 
in  the  hiffhuNt  degree  confusing  either  to  abandon  the  Osbomian 
nomenclature  at  thin  late  <iate  or  to  try  to  rectify  it  in  accordance 
with  the  nrwer  i<lean.  Such  a  compromise  will  no  doubt  be  unac- 
ceptable to  rigoniUH  ideutiHts  who  do  not  recognize  that  the  terminol- 
ogy in  (jucHtion  ronHifttH  of  more  or  less  arbitrarily  chosen  symbols, 
which,  although  nr»t  always  appropriate,  have  the  merit  of  being  well 
defmed,  praitii-iilile  and  in  wide  use. 

For  readers  who  desire  l<i  gain  a  preliminary  idea  of  the  contents 
of  this  work  is  s»({({vs1fil,  i'lrst,  an  inspection  of  ^gs.  346-353  inclusive, 
iliustniling  the  slagi-s  in  the  evolution  of  the  human  skull  and  denti- 
tion from  lish  In  iimii,  and  secondly,  a  cursory  re\-iew  of  the  sum- 
maries and  conilusions  iit  the  cn<l  of  each  part. 

In  spite  of  the  ftTorls  of  the  author  and  of  the  editor  to  make  this 
work  iircuratc  and  rcltalilc  in  all  details,  many  minor  errors  and  some 
more  imporliint  lines,  in  the  original  publication  of  the  parts  in  the 
Journal  hk  Dumai,  Rkskahih,  have  already  been  detected.*  These 
corrections  ami  chanKt's  hiivc  I)cen  made  in  the  text  or  are  noted  on 
pages  following  this  preface.  The  author  is  under  especial  obligation 
to  Dr,  Milo  Ht'Ilman  for  critical  reading  and  notes  on  Parts  I-V,  and 
to  Dr.  W.  I).  MatUu'W  for  critical  notes  on  the  section  dealing  with 
the  Mesozoic  nmmmuls. 

It  will  be  obstTvoil  that  the  author  contributes  nothing  new  to  the 
Piltdown  problem,  but  leaves  it  iii  statu  quo.  While  Part  V  was  in 
press,  and  since  that  time.  Profcs.sor  Osbom,  Dr.  Matthew  and 
Professor  J.  H.  McCircKor  have  each  examined  the  original  Piltdown 
remains,  and  the  later  ones  described  (1917)  by  Smith  Woodward. 
They  have  all  come  to  the  conclusion  that  the  more  recently  dis- 
covered lower  molnr  tooth  it,  much  tike  the  original  tj-pe,  and  that  it 

*SMlhcy««rM/i|^J}mMJJtMMn4,  19i0,  li;  under  "crrotsutd  changes,' p.  41  (seneral 

mtttn  to  wl,  n,  DtGHtbir  Imh). 


lends  strong  evidence  in  favor  of  Smith  Woodward's  conclusion  that 
the  ape-like  lower  jaw  belongs  with  the  man-like  skull.  Professor 
Osbom  also  indorses  Woodward's  conclusion  that  the  ape-like  canine 
is  a  lower  and  not  an  upper  one,  and  the  same  view  is  held  by 
Dr.  Milo  Hellman,  whose  intimate  knowledge  of  the  occlusal  surfaces 
of  teeth  lends  weight  to  his  opinion. 

In  conclusion  the  author's  deep  appreciation  and  thanks  are  due 
to  the  executive  officer  of  the  board  of  editors  of  the  Joubnal  of 
Dental  Research,  Professor  William  J.  Gies,  for  his  unwearied 
patience  and  splendid  support  at  every  stage  of  the  work.  To  Pro- 
fessor Osborn,  Director  Lucas,  and  Dr.  Matthew,  of  the  American 
Museum  of  Natural  History,  the  author  owes  the  privilege  of  repro- 
ducing many  illustrations  belonging  to  the  Museum,  including  plates 
from  D.  G.  Elliot's  memoir  on  the  Primates,  and  most  of  the  American 
fossil  mammals  figured  in  this  work.  During  the  past  twenty  years 
Dr.  Matthew  has  constantly  placed  at  the  disposal  of  the  writer  his 
wide  and  intimate  knowledge  of  the  dentition  of  the  fossil  mammals 
of  America,  and  we  have  had  many  stimulating  discussions  bearing 
upon  the  facts  and  theories  of  dental  evolution.  The  courtesy  of 
others  who  loaned  illustrations  is  acknowledged  in  the  legends  of  the 
figures. 

William  K.  Gregory. 


Imerican  iluseum  of  Natural  History 
New  York  City,  December,  1921 


ERRORS  AND  CHANGES 

Page  39;  sixth  line  from  the  bottom:  "known  from  a  fragment  of  a  tower 
jaw,"  Note. — Dr.  W.  D.  Matthew,  who  has  recently  examined  this  frag- 
ment in  the  British  Museum,  has  kindly  given  the  author  the  following 
note:  "This  is  a  fragment  of  an  upper  jaw.  It  shows  under  binocular 
microscope  three  complete  teeth,  which  agree  fairly  we!l  with  the  posterior 
molars  of  Trilylodon,  and  the  roots  or  alveoli  of  three  others  in  advance  of 
them.  It  differs  from  Trilylodon  in  size,  in  the  sharp  incurvation  of  the 
maxilla  a  little  above  the  teeth,  and  the  more  anterior  position  of  the 
zygoma,  if  the  above  identification  be  correct,  but  may  be  provisionally 
referred  to  the  same  family." 

Page  45;  line  2:  Family  Spalacotheriids.  Note. — After  examining 
the  specimens  in  the  British  Museum,  Dr.  W.  D.  Matthew  has  written 
as  foltows  to  the  author:  "It  appears  to  me  more  probable  that  Spalaco- 
therittm  is  related  to  the  Trituberculata  in  spite  of  the  difference  in  the 
angle.  The  teeth  are  quite  close  to  Slylodan  and  its  allies,  and  of  a  type 
that  appears  to  me  fundamentally  distinct  from  Triconodon  and  equally 
distinct  from  Phascolotherium." 

Page  49;  jig.  26:  lower  jaws  of  Amblotherium.  Note. — Dr.  W,  D. 
Matthew  notes  that  the  jaws  and  teeth  of  Amblotherium  soricinum  are 
much  like  those  of  Stylodon,  and  that  in  the  jaw  of  A.  mustelula  the  teeth 
are  poorly  exposed  and  very  much  worn. 

Page  S\;fig.  28:  lower  jaws  of  Stylodon.  Note.— Dr.  W.  D.  Matthew, 
who  has  recently  examined  these  specimens,  has  written  to  the  author 
as  follows:  "These  are  imperfectly  exposed.  The  tooth  has  in  fact  a 
trigonid  with  high  protoconid,  smaller  but  well  developed  inner  cusps  and 
a  small-cusped  talonid.  They  are  Amphitheriidx,  differing  from  Ampkl- 
tkerium  in  the  higher  trigonid  and  smaller  heel." 

Page  57;  fig.  33:  upper  and  lower  molars  of  Perdesles.  Note. — After 
examining  the  maxilla  of  Peralestes  longirostris,  Dr.  W.  D.  Matthew  notes: 
"The  differences  from  the  Kurlodon  type  are  chiefly  due  to  the  presenta- 
tion of  the  views.  They  are  essentially  the  same,  differing  only  in  the 
presence  of  a  distinct  intermediate  cusp  on  the  postero-internal  crest. 
This  I  take  to  be  the  upper  dentition  of  Spalacotherium." 
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Dr.  Matthew's  provisional  conclusions  are:  (1)  that  "Spalacotkerium," 
the  lower  teeth,  and  "Peralestes,"  the  upper  teeth,  belong  together; 
(2)  that  both  are  allied  with  Kurtodon;  (3)  that  both  the  stylodonts  and 
spalacotheres  are  closely  related  to  or  derived  from  the  older  genus  Ampkt- 
therium,  but  more  specialized  in  the  reduction  of  the  talonid  in  the  lower 
teeth;  (4)  that  it  is  probable  that  Spalacotherium  and  the  other  Trituber- 
culata  are  fundamentally  distinct  from  Triconodon  and  equally  distinct 
from  Phascololherium;  (5)  that  the  main  tips  of  the  upper  molar  crowns 
of  Siylodon  and  of  Peralestes  are  serially  homologous  with  the  main  tips 
of  their  premolars,  and  thaf  they  represent  the  para  +  metacones  of 
Tertiary  mammals;  (6)  that  the  Trituberculata  of  the  Mesozoic  fire  paral- 
leling the  zalambdodonts  of  the  Tertiary  in  the  evolution  jof  their  molar 
teeth,  and  that  (7)  they  therefore  throw  no  new  light  on  the  ultimate 
origin  of  the  tritubercular  molar. 

None  of  these  conclusions  is  in  conflict  with  the  interpretation  of  the 
origin  and  evolution  of  the  molar  teeth  adopted  in  the  present  work.  Dr. 
Matthew  feels  reasonably  certain  that  the  main  tips  of  the  upper  molars 
in  Kurtodon  and  Dryolesles  are  serially  homologous  with  those  of  the  pre- 
molars, as  set  forth  in  Parts  I  and  II  of  this  book. 

Page  117.  Dr.  W.  D.  Matthew  notes  that  the  premolar  of  Mixodectes 
sp.  (fig.  50)  is  probably  wrongly  associated  with  the  other  teeth. 

Page  425.  Dr.  Milo  Hellman  notes,  in  comment  on  section  "(9)":  The 
last  part  of  the  sentence  referring  to  molar  occlusion  is  true  only  of  the 
third  molars.  In  the  first  and  second  molars  the  disto-lingual  slopes  of 
the  disto-buccal  cusps  of  the  upper  molars  come  into  occlusal  relation  with 
the  raesio-buccal  slopes  of  the  mesio-buccal  cusps  of  the  lower  molars  distal 
to  them.  It  would  therefore  appear  that  the  molar  occlusion  in  man  has 
not  entirely  lost  its  primitive  character  even  on  the  buccal  side.  In  in- 
stances where  this  occlusal  relationship  is  disturbed,  it  should  more  property 
be  considered  either  as  an  individual  variation  or  as  an  anomalous  mani- 
festation. (Disto-buccal  cusp  =  metacone.  Mesio-buccal  cusp  of  lower 
molars  —  protoconid.) 
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PART  I 

Stages  of  Ascent  from  the  Silurian  Fishes  to  the 
Mammals  of  the  Age  of  Reptiles 


I.  EARLY  STAGES  OF  VERTEBRATE  EVOLUTION,  SEEN  IN 
THE  FISHES  OF  THE  PALEOZOIC  ERA 

The  later  chapters  in  the  evolution  of  the  human  dentition  can  only 
be  understood  in  the  light  of  the  whole  story,  so  it  is  advisable  to 
begin  at  the  beginning,  or  as  near  to  the  beginning  as  the  palaeonto- 
logical  record  extends. 

The  Ostracoderms  of  the  Upper  Silurian  and  Devonian 
The  problem  of  the  origin  of  the  vertebrates  we  must  necessarily 
ignore,  because  the  innumerable  answers  to  it  cannot  be  tested  by  an 
appeal  to  the  palseontological  record.  We  can,  however,  begin  at  a 
very  early  stage,  represented  by  the  ostracoderms  of  SUurian  and 
Devonian  times,  which  are  on  the  whole  the  most  primitive  of  all 
known  chordates.  It  is  true  that  the  modem  Amphioxus  and  the 
cyclostomes  have  acquired  a  world-wide  reputation  as  primitive 
chordates  but,  in  the  absence  of  palsontological  evidence,  their  real 
status  is  still  unsettled;  and,  in  their  present  conditions,  they  teem 
with  specializations  which  conceal  their  primitive  characters.  The 
Paleozoic  ostracoderms,  on  the  other  hand,  afford  definite  information 
of  a  pregnathostome  stage  of  evolution  which  is  lower  and,  as  a  whole, 
older,  than  any  other  group  of  vertebrates.  Although  much  excellent 
material  is  preserved  in  the  museums  of  the  world,  none  of  these  lowly 
fish-like  chordates  shows  the  least  evidence  of  having  attained  "gill- 
arch  jaws"  of  the  normal  vertebrate  type.  Some  of  them  had  a 
capacious  mouth  and,  in  the  latest  and  more  specialized  ones  {Botkrio- 
lepis,  Pterkhtkys),  the  ossified  dermal  plates  around  the  slit-like  mouth 
acquired  jagged  edges  and  may  have  functioned  in  the  prehension  of 
food;  but  no  known  ostracoderm  had  either  teeth  or  calcified  oral  and 
branchial  arches.  For  the  most  part  they  probably  fed  on  small 
organisms  found  in  the  mud  on  the  bottom  of  the  streams  in  which 
they  lived.  Possibly  they  may  have  extracted  the  nutriment  from 
the  mud  by  ciliary  tracts,  as  in  Amphioxus  and  the  larval  lamprey. 
One  of  them  {Birkenia)  was  shaped  somewhat  like  Amphioxus  and 
could  perhaps  dart  about  freely  in  the  water,  but  most  of  them  were 
depressed  in  form  and  probably  lived  on  the  bottom.    None  of  them 
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had  attained  the  swift-swimming,  predatory  form,  armed  with  strong 
teeth,  which,  there  is  much  evidence  to  indicate,  was  the  starting-point 
for  the  development  of  vertebrates  higher  in  the  scale. 

The  Devonian  Sharks 

The  numerous  group  of  sharks,  dating  back  to  the  Upper  Silurian 
but  well  known  only  m  the  Devoman  and  later  penods  are  with  good 
reason  regarded  as  prmutive  m  their  class  characters  smce  they  all 
have  the  primitive  vertebrate  ground  plan  of  the  endoskeleton. 
While  most  of  the  known  ostracoderms  had  over  emphasized  the  exo- 
skeleton  the  elasmobranchs  very  early  built  up  an  endoskeleton  by 
preapitating  calaum  salts  m  the  connective  tissues  and  septa,  whidi 


Fig  1    Btrkeiua  degans   a  Pkuotive  Fish  prou  the  Ufpeb  Sildsian  os  Scotland 
IllustTBtins  a  stage  of  evoluUoD  before  the  formatioD  of  teeth  and  jaws     Natural 
size     After  Tiaquair 

form  a  nucleus  or  core  of  the  endoskeleton.  They  were  active,  preda- 
tory,  fishes  and  developed  further  than  did  the  ostracoderms  the 
method  of  moving  by  rhythmic  contraction  of  the  muscle  segments, 
or  myomeres,  arranged  on  either  side  of  the  mid-line.  The  develop- 
ment of  the  endoskeleton  stiffened  the  median  axis  against  the  thrust 
of  the  myomeres  and  made  possible  the  assumption  of  aggressive 
habits. 

In  the  earliest  known  sharks  the  mouth  is  supported  by  cartilagi- 
nous jaws  of  the  "gill-arch"  type.  Even  modem  sharks  retain  much 
evidence  tending  to  show  that  the  cartilage  jaws  are  serially  homolo- 
gous with  the  gill  arches,  and  that  the  primitive  jaw  muscles  for  squeez- 
ing the  upper  and  lower  halves  of  the  oral  arch  together  are  serially 
homologous  with  the  constrictor  muscles  of  the  gill  arches. 

It  is  well  known  to  all  students  of  odontology  that,  in  typical  sharks, 
the  skin  all  over  the  body  is  covered  with  shagreen  denticles,  and  that 
the  primitive  dental  lamina  of  sharks  is  merely  a  rolled-up  fold  of 
skin  bearing  the  dermal  denticles,  and  carried  around  onto  the  inner 
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side  oi  the  mouth.  The  whole  surface  of  the  throat  is  also  covered 
with  this  dentide-bearing  skin,  and  it  is  for  this  reason  that  in  later 
groups  of  fishes  we  often  find  teeth  on  the  pharyngeal  parts  of  the 
gill  arches. 

In  this  primitive  vertebrate  stage  the  primary  or  cartilage  jaws 
articulate  posteriorly  with  the  sides  of  the  primitive  cartilaginous 


Fio.  2.  Undeu-Side  op  the  li 

Sbowiog  the  primary  jaws,  homologous  with  the  branchial  arches,  and  bearing  teeth 
on  the  skin  inside  the  mouth.  The  eyes  are  surrounded  by  rows  o£  sclerotic  plates,  which 
are  homologous  with  the  teeth  and  with  the  shagreen  denticles  of  the  slt'n.     After  Deaa. 

brain  case  and  are  also  supported  by  the  second,  or  hyoid,  arch. 
The  endocranium  itself  is  a  complex  of  the  connective  tissue  surround- 
ing the  capsules  of  the  sense  organs  and  the  anterior  end  of  the  noto- 
chord.  The  denticulate  skin  covering  the  whole  body  represents  the 
dermal  skull,  the  bony  sheaths  of  the  jaws,  and  the  scaly  areas  on  the 
body  of  the  higher  fishes. 
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It  is  only  in  respect  to  the  ground-plan,  or  class  characters,  that 
sharks  are  primitive,  because  most  of  the  known  sharks  even  in  the 
Devonian  are  already  diversely  specialized  in  the  dentition.  The 
primitive  shagreen  denticles  often  fused  into  great  dental  plates  of 
diverse  form,  as  in  many  of  the  rays,  adapted  for  crushing  shellfish. 
The  sharks  remained  primitive,  however,  in  that  they  never  developed 
sockets  for  the  teeth  in  the  upper  and  lower  jaws. 

The  Devonian  Ganoids  and  Lung-fishes 
The  undiscovered  links  between  the  ostracoderms  and  sharks,  and 
between  the  predecessors  of  the  sharks  and  the  oldest  ganoid  fishes, 
may  some  day  be  found  in  the  Upper  Silurian.  At  least  in  the  Lower 
Devonian  the  primitive  ganoid  fishes  were  already  established.  These 
exhibit  a  distinctly  higher  stage  in  the  evolution  of  the  vertebrates 
than  did  the  sharks.  The  teeth  are  now  sharply  differentiated  from 
the  rest  of  the  exoskeleton  and  are  often  set  in  distinct  sockets  or 
grooves  in  the  derm  bones  of  the  jaws;  the  head  skeleton  is  complex, 
consisting,  first,  of  an  outer  mask  of  derm  bones,  the  histological  ele- 
ments of  which  are  identical  with  those  of  the  scales,  and  second,  of 
the  inner  or  endocramum,  homologous  with  the  cartilage  skull  of  the 
shark,  but  now  invaded  by  bony  tissue.  So,  too,  the  primary  or 
cartilaginous  lower  jaw  (Meckel's  cartilage)  has  been  sheatlied  in  a 
thick  coating  of  dermal  bones,  and  similar  derm  bones  cover  the  roof 
of  the  mouth  and  the  lips,  giving  rise  to  external  or  secondary  jaws 
(premaxilfe,  maxillse),  to  the  vomer  and  parasphenoid,  and  to  the 
dentigerous  tracts  which  partly  cover  the  primary  upper  jaw  or 
ossified  pterygoquadrate  cartilage. 

These  earliest  ganoids,  using  the  term  in  its  wide  sense  in  allusion 
to  their  shiny  ganoid  scales,  include  three  very  distinct  groups.  The 
first,  or  actinopterygian  series,  of  which  the  fullest  palxontological 
record  is  known,  leads  up  through  long  successive  ages  to  the  highly 
specialized  modem  teleosts,  including  by  far  the  greatest  number  of 
existing  fishes.  In  these  the  locomotor  apparatus  attains  its  highest 
perfection  for  progression  through  the  water.  The  tail  passes  from 
the  heterocercal,  or  shark-like,  type,  to  the  homocercal.  or  "fish-tail," 
type.  The  primitive  scales  covering  the  fin-webs  become  fused  in 
rows  and  give  rise  to  the  bony  dermal  rays,  which  support  both  the 
median  and  paired  fins,  and  form  one  of  the  dominant  features  in  the 
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economy  of  these  fishes.  The  jaws  become  diversely  specialized 
away  from  the  primitive  predatory  type,  in  adaptation  to  nibbhng, 
grinding,  sucking,  etc.  Very  often  pharyngeal  teeth  on  the  gill 
arches  become  of  great  functional  importance. 

In  wide  contrast  to  the  actinopterygian  series  is  the  dipnoan  group 
which  failed  to  become  progressively  specialized  except  along  certain 


Fic.  3,  Lower  Jaw  or  Eusthtnopieron  Joordi,  A  Cbossoptervcian  Ganoid  feou  ihi 
Upper  Devokian  of  Scaumenac  Bay,  Quebec 
The  primaiy  lower  jaw  (Meckel's  cartilage)  is  completely  covered  with  derm  booes, 
which  are  severally  homologous  with  those  of  the  earliest  tetrapods.  The  teeth  are  of 
the  labytinChndont  type  and  are  limited  to  the  deotary  and  the  coronoid  series.  After 
Bryant.  Upper  figure  (a),  inner  side;  lower  figure  (b),  outer  side.  F,  mandibular  fossa 
(for  the  insertion  of  the  jaw  muscles);  D,  denCary;  Cor,  coronoid  series. 

degenerate,  eel-like  lines.  Their  modem  representatives  are  equipped 
with  a  well-developed  lung  in  addition  to  their  gills,  which  serves 
them  especially  when  the  pools  in  which  they  live  either  dry  up  or 
become  deficient  in  oxygen.  The  Devonian  dipnoans  already  bore 
the  main  characteristics  of  the  group,  and  very  probably  likewise 
were  provided  with  lungs.    Although  paralleling  the  amphibians  in 
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many  respects,  they  are  definitely  removed  from  the  ancestral  line 
of  the  Tetrapoda,  or  four-footed  vertebrates,  through  the  early  aber- 
rant spedalization  of  the  dentition.  This  consists  chiefly  of  clusters 
or  aggregations  of  dental  tubercles  arranged  in  two  fan-like  series  on 


.Ex.  Oc. 


S^-q.. 


Fio.  4.  Palatal  Aspect  of  the  Skull  or  Euslkenopterm  feardi  (cp.  jS|.  S) 

Showing  the  dentigerous  tracts,  located  as  follows:   (I)  on  the  tnar^al  or  second:iiy 

jaws,  including  the  premaxills  and  manlUe;  (2)  on  the  primary  upper  jaw*,  or  patato- 

pterygoids;  and  (3)  on  the  denn  bones  beneath  the  anterior  part  of  the  primary  brain 

case,  Damely,  the  vomer*  (prevomeis)  and  parasphenoid.     After  Biyant. 

the  roof  the  mouth,  opposing  a  similar  series  on  the  inner  side  of  the 
lower  jaw.  Histologically,  these  tubercles  are  homologous  in  con- 
struction with  the  teeth  and  scales  of  the  primitive  crossopterygians 
described  below.    The  apparatus  as  a  whole  is  primitively  adapted  for 
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crushing  and  in  modem  forms  for  cutting,  but  in  this  group  the  ear- 
liest representatives  are  less  carnivorous  in  construction  than  are 
their  moderb  derivatives.  The  dermal  cranium  and  the  endo- 
cranium,  as  well  as  the  mandibles,  are  profoundly  modified  to  provide 
a  firm  base  for  these  crushing  plates. 

The  dipnoans,  as  well  as  certain  types  of  ^arks  and  rays,  afford 
weU  proved  examples  of  the  development  of  the  complex  dental  appa- 
ratus through  the  concrescence  of  small  tubercles  but,  as  they  are 
definitely  out  of  the  line  of  ancestry  of  the  tetrapods,  it  would  be 
futUe  to  dte  them  as  evidence  for  the  theory  of  origin  of  complex  mam- 
malian molar  teeth  through  concrescence  of  separate  teeth. 

The  second  group  of  ganoids  includes  the  crossopterygians,  or  lobe- 
finned  series.    These  parallel  the  actinopterygians  in  the  development 


Fig.  5.  Restobation  op  Eustkenopleron  foordi,  a  Crossoptekvcian  Ganoid  fsoic  the 
Upper  Devonian  of  Scauuehac  Bay,  Quebec 
niustrating  the  general  type  of  fish  from  which  the  laud'liviiig  vertebrates  probably 
UOBC.     After  Bryant. 

of  dermal  fin  rays,  but  never  progress  so  far  in  building  up  an  efficient 
homocercal  tail.  They  differ  widely  from  the  first  series  in  the  struc- 
ure  of  the  paired  fins,  which  had  a  more  or  less  elongate  fleshy  axis 
in  addition  to  the  fringing  dermal  rays.  All  the  available  evidence 
points  to  the  members  of  this  series  {OsleoUpis,  Megalichthys,  Eus- 
Ihenopteron,  etc.)  as  standing  relatively  near  to  the  ancestors  of  the 
Tetrapoda,  or  four-footed  vertebrates,  but  here  again  the  connecting 
links  are  lacking  from  the  fragmentary  geological  record. 

The  group  is  represented,  at  the  present  day,  by  two  more  or  less 
degenerate  survivors,  Polypterus  and  Calamoichthys  of  Africa.  In 
these  fishes  the  "air-bladder"  retains  traces  of  the  vascular  condition 
which  is  better  developed  in  the  living  dipnoans  and  surviving  prim- 
itive actinopterygians  {Amia,  Lepidosleus);  that  is  to  say,  the  "air- 
bladder  "  in  all  the  more  primitive  ganoids  probably  already  functioned 
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to  oxygenate  the  blood  and  to  supplement  the  function  of  the  gills, 
because  the  living  dipnoans  and  some  of  the  living  ganoids  are,  in 
fact,  able  to  breathe  atmospheric  air. 

II.  THE  EMERGENCE  OF  FOUR-FOOTED,  AIR-BREATHING 
VERTEBRATES  (PRIMITIVE  STEGOCEPHS)  IN  THE  UP- 
PER DEVONIAN  AND  LOWER  CARBONIFEROUS  AGES 
Perhaps  as  far  back  as  the  middle  Devonian  some  of  the  crossop- 
terygians  became  adapted  to  a  periodic  drying  up  of  the  streams  and 
were  able  to  live  by  means  of  their  lungs,  as  are  the  modem  lung- 
fishes.  In  some  of  them  the  stout  pectoral  and  pelvic  paddles  began 
to  be  used  in  aawling,  and  this  was  doubtless  the  initial  step  in  the 
origin  of  the  paired  limbs  of  land-living  vertebrates.  Anatomical 
evidence  is  very  decisive  that  the  pectoral  and  pelvic  limbs  of  four- 
footed  vertebrates  are  truly  homologous  with  the  pectoral  and  pelvic 
paddles  of  fishes.  Some  who  delight  in  turning  the  geological  record 
upside  down  have  argued  that  fishes  have  been  derived  from  tetra- 
pods,  but  this  has  found  scant  favor  among  the  majority  of  anatom- 
ists'* and  palaeontologists,  and  recent  investigations  have  practically 
established  at  least  the  common  origin  of  the  crossopterygians  with 
the  tetrapods. 

As  a  whole  the  geological  and  comparative  anatomical  records  show 
that  the  great  advances  have  been  made  through  revolutionary 
changes  in  the  general  trend  of  development,  as  when  the  birds  arose 
from  the  reptiles.  The  primitive  crossopterygians  gave  rise  to  the 
earliest  tetrapods  (which  are  first  known  from  footprints  in  the  Upper 
Devonian  of  Pennsylvania)  through  a  profound  revolution,  in  which 
the  locomotor  apparatus,  evolved  in  earlier  stages  for  progression 
through  the  water,  had  to  be  largely  remodeled  for  progression  on 
land.  The  dermal  rays  of  the  fins  and  the  hitherto  important  caudal 
fin  were  sacrificed,  while  the  pectoral  and  pelvic  paddles  were  bent 
around  so  as  to  make  a  knee-joint  and  an  elbow-joint,  and  to  bring 
the  sides  of  the  paddles  in  contact  with  the  ground.  The  five-toed 
hands  and  feet  of  the  most  primitive  amphibians  probably  grew  out 
from  the  fleshy  stumps  of  the  paired  paddles. 

The  earhcst  tetrapods  still  went  through  an  aquatic  stage  of  de- 
velopment with  more  or  less  functional  gills  which  are  retained  in  many 
existing  Amphibia;  but  the  loss  of  the  gills  in  the  adult  conditioned  a 
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FiC.   6.    PAL.VTA1 


^  Stegocepuauan 


The  lab>Tinthodont  teeth  arc,  for  the  most  part,  indicated  by  their  broken  stumps  or 
Mckeis.  They  are  located  chielly  on  the  marginal  bones  of  the  upper  jaw,  with  a  few 
larger  teeth  on  the  prevomers,  palatines,  and  ectopterygoids,  Amer.  Mus.  Nat.  Hist, 
no.  4.190. 
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marked  change  in  the  region  of  the  bony  gill-covering,  or  opercular 
bones.  Hence,  in  the  earliest  tetrapods,  the  true  or  dermal  skull  has 
lost  the  opercular  bones  and  stops  at  the  posterior  end  of  the  primary 
upper  jaw  and  of  the  bones  that  cover  it,  including  the  squamosal. 

While  these  profound  changes  were  going  on  in  the  elements  of  the 
skull,  the  dentition  changed  surprisingly  little,  because  the  earUest 
reptiles  and  amphibians  of  the  Coal  Measures  and  succeeding  ages 
still  retained  the  labyrinthodont  teeth  which  are  so  characteristic  of 
their  crossopterygian  predecessors.  The  elaborate  infolding  of  the 
bases  of  these  teeth  apparently  served  to  strengthen  their  connection 
with  the  tough  bony  skin,  as  may  be  seen  in  the  modem  garpike. 
These  labyrinthodont  teeth  are  distributed  along  the  margins  of  the 
mouth  in  the  prema}dlla,  maxilla  and  dentary,  and  also  in  some  cases 
in  clusters  of  small  tubercles,  or  in  a  few  large  teeth,  on  the  roof  of 
the  mouth  and  on  the  inner  side  of  the  lower  jaw.  The  histological 
composition  of  these  teeth  was  homologous  with  that  of  the  scales, 
and  of  the  skull  plates,  of  the  more  primitive  crossopterygians. 

Thus,  the  primitive  amphibians  and  reptiles,  no  less  than  their 
crossopterygian  ancestors,  were  predatory  animals  with  strong  jaws 
and  sharp,  more  or  less  laniary,  teeth.  This  predatory  type  gives 
rise  to  a  wide  adaptive  deployment  into  variously  specialized  dental 
types  fitted  respectively  for  crushing  shelled  invertebrates,  for  an 
herbivorous  diet,  for  fish  catching,  etc. 

III.     THE   STEM   REPTILES    (COTVLOSAURIA)   AND    THE 
MAMMAL-LIKE  REPTILES  (THERAPSIDA)  OF  THE  LATE 
PALEOZOIC  AND  EARLY  MESOZOIC  ERAS 
It  used  to  be  thought  that  even  the  oldest  reptiles  were  extranely 
different  from  the  contemporary  amphibians  but,  as  a  result  of  the 
intensive  investigations  of  recent  years,  one  "diagnostic"  class  charac- 
ter after  another  has  given  way,  and  more  and  more  characters  m 
common  have  been  shown  to  connect  the  primitive  reptiUan  order 
Cotylosauria  with  the  amphibian  order  Temnospondyli.    From  cer- 
tain more  primitive  stegocephs  of  the  Coal  Measures  (e.g.,  Loxomma, 
Pleroplax)  to  the  stem  reptiles  of  the  same  period  was  but  a  short 
step,  involving  chiefly  the  suppression  of   the  "tadpole"  stage  of 
development. 
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In  the  Penno-Carboniferous  beds  of  Texas  is  found  a  group  of  rep- 
tiles, the  Cotylosauria,  which,  in  its  ordinal  characters,  is  structurally  . 
ancestral  to  all  the  higher  vertebrates.     In  these  animals  the  temporal 
region  of  the  skull  is  still  covered  by  the  dermal  skull  roof,  the  inner 
surface  of  which  covered  and  perhaps  gave  attachment  to  the  prim- 


Showing  the  unfenestrated  rool  of  the  temporal  region,  the  simple  teeth,  and  the  ef- 
fective bracing  of  the  jaws  on  the  palatal  side  of  the  sicull.  Amer.  Mus.  Nat.  Hist.,  no. 
4,334. 

itive  temporal  muscle  mass.  Most  of  the  known  members  of  this 
group  were  for  the  most  part  already  specialized  for  feeding  on  in- 
vertebrates but,  by  analogy  with  many  other  cases,  it  can  be  predicted 
that  the  stem  forms  were  more  or  less  carnivorous. 
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Carnivorous  or  predatory  habits  are  likewise  characteristic  of  the 
peiycosaurs,  a  cotitemporaneous  group  which,  in  the  construction  of 
their  temporal  region,  exhibit  a  stage  following  the  cotylosaurs.  The 
primitive  dermal  roof  is  now  perforated  on  each  side  and  the  resultant 
opening  is  surrounded  by  the  postorbital,  jugal,  and  squamosal,  bones, 
and  is  homologous  with  the  "lateral  temporal  fenestra"  of  the  exist- 
ing Splienodon,  The  teeth,  being  confined  mostly  to  the  margins  of 
the  jaws,  were  embedded  in  distinct  sockets  and  ha^■e  lost  most  of 


Showing  especinlly  the  carnivorous  dtntition,  Ihe  deep  compressed  skuU,  the  single 
tempoml  fenesLra,  and  the  mammal-like  zygomatic  arch,  composed  chicQy  ol  processes 
from  the  jugal  and  squamosal  bones.    Amer.  Mus.  Nat.  Hist.,  no.  4,636. 

their  labyrinthine  structure.    In  some    cases    there  are  clusters  of 
crushing  teeth  on  the  roof  of  the  mouth. 

From  some  primitive  member  of  the  pelycosaur  series  it  is  believed 
the  mammal-like  reptiles  (Therapsida,  " Theromorpha "  in  part) 
arose.  Numerous  and  diverse  representatives  of  this  order  occur  in 
the  Permian  of  South  Africa  and  Russia,  and  in  the  Triassic  of  South 
Africa.  There  is  a  single  temporal  opening  on  each  side,  homologous 
with  the  lateral  temporal  fenestra  of  the  peiycosaurs,  bounded  below 
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by  the  stout  zygomatic  arch,  which  is  composed  of  the  jugal,  post- 
orbital,  and  squamosal.  The  more  primitive  types  are  carnivorous, 
with  taniaiy  teeth  embedded  in  sockets  on  the  margins  of  the  jaws. 
Aberrant  side  Unes  acquired  specialized  dentitions,  some  (anomodonts) 
losing  the  teeth  entirely,  which  are  functionally  replaced  by  a  homy 
beak.  Others,  the  dinocephalians  (plate  1)  develop  very  strong  pierc- 
ing teeth  around  the  front  part  of  the  jaws,  but  have  dwindling  lat- 
eral teeth.  Dental  clusters  on  the  roof  of  the  mouth  are  usually 
small  or  absent  entirely. 

Notwithstanding  the  diverse  specializations  which  exclude  many  of 
the  Therapsida  from  the  Une  of  mammalian  ancestry,  the  group  as  a 
whole  shows  a  strong  tendency  to  assume  mammalian  characteristics, 


Fig.  0.  Skull  ot  Ictidopsis  eltgans,  A  Suall  Mauual-lik£  Reptile  fioh  the  Upper 
Triassic  op  South  Atwca 
Showing  Uie  sub-mammalian  characters  of  Uie  whole  ^uU  and  dentition.     X3/2. 
Amer.  Mus.  Nat.  Hist.,  no.  5,630. 

and  some  of  them  come  almost  to  the  dividing  line  between  reptiles 
and  mammals.  First  and  most  important,  they  were  much  more 
active  than  their  cold-blooded  reptilian  ancestors.  Many  of  them 
were  able  to  raise  the  body  well  off  the  ground  in  running,  and,  in 
the  higher  therapsids,  the  limbs  and  girdles  steadily  approach  the 
lower  mammalian  type.  As  shown  by  endocranial  casts,  the  olfac- 
tory parts  of  the  brain  were  submammalian  in  type  and  the  respira- 
tory system,  as  indicated  especially  by  the  development  of  a  sub- 
mammalian  palate,  was  also  highly  progressive.  In  the  almost 
mammal-like  cynodonts  there  was  a  sharp  regional  differentiation 
of  the  backbone  and  ribs  into  cervical,  dorsal,  and  lumbar,  regions, 
so  that  it  seems  quite  possible  that  these  animals  had  the  beginning 
of  a  mammalian  diaphragm. 
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In  the  lower  members  of  this  series  (Gorgonopsia,  Therocephalia) 
the  construction  both  of  the  upper  and  lower  jaws  is  of  primitive  rep- 
tilian type  but,  in  the  later  or  Triassic  Therapsida  (Cynodontia), 
there  is  a  progressive  approach  to  the  mammalian  construction  both 
of  the  dentition  and  of  the  jaws.  According  to  Broom  (1913),  the 
teeth  are  now  limited  to  two  sets;  the  molar  teeth  having  no  successors 
and  the  antemolar  teeth  being  preceded  by  a  deciduous  series.  Cross 
sections  of  the  skull  of  Sesamodon  broumi  (Amer,  Mus.  No.  5,517), 
made  by  Dr.  Broom  and  now  in  the  writer's  care,  show,  that  in  the 
molar  region,  at  least  in  the  adult,  there  was  but  a  single  set,  without 
"successors.    The  skull  and  lower  Jaw    of    Diademodon   plalyrHnus 


Fig.  10.  LowEB  Jaw  of  Diademodon  fil^yrhinus,  a  MauuaL'Liks  Reptile  f 
Upper  Triassic  of  South  Africa 
Shoning  successional  canines  and  premolar,     x 5/4.     After  Broom 

(Amer.  Mus.  No.  5,518),  described  by  Broom,  is  also  in  the  writer's 
care,  and  fully  validates  Broom's  statements  that  the  tips  of  replacing 
teeth  may  be  seen  in  the  empty  alveoli  of  the  upper  and  lower  canines, 
and  of  the  third  lower  (deciduous)  premolar;  also,  that  there  are  no 
replacing  teeth  beneath  the  molars;  and  that,  in  the  imperfect  upper 
jaw,  there  is  "clear  evidence  of  one  replacing  tooth — ^the  third  left 
incisor."  In  the  type  of  Lycognathus  jerox  Broom  (Amer.  Mus.  No. 
5,538),  a  section  across  the  skull  and  lower  jaw  through  the  posterior 
premolar  region  shows  that,  in  this  old  animal,  there  were  no  teeth 
beneath  the  functional  set;  in  other  words,  the  single  replacement  had 
taken  place.     "We  may   thus  safely  conclude,"  writes   Dr.   Broom 
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(1913,  p.  467),  "that  as  the  Cynodont  approaches  full  maturity  the 
indsors,  canines  and  premolars  are  replaced  as  in  mammals,  and  as 
no  completely  adult  specimen  has  ever  shown  any  trace  of  a  later 
succession  we  may  conclude  as  probable  that  there  is  only  a  sin^e 
succession,"  At  the  lower  end  of  the  therapsid  series  in  the  order  or 
suborder  Dinocephalia,  the  type  specimens  of  Taurops  macrodon 
Bioom  (Amer,  Mus.  No.  5,610),  and  of  Moscognathus  whaitsi  (Amer. 
Mus.  No.  5,602),  afford  a  positive  demonstration  of  the  following  . 
facts:  (1)  there  were  two  and  only  two  sets  of  teeth;  (2)  the  three 
incisors,  the  canines,  and  seven  or  eight  of  the  postcanine  teeth,  were 
deciduous  and  replaced  by  a  second  or  permanent  set;  (3)  the  teeth 
were  arranged  in  two  rows,  an  outer  or  deciduous  series  (exostichos) 
and  an  inner  or  replacing  set  (endostichos) ;  (4)  there  is  no  evidence  of 
replacement  of  the  true  molars;  (5)  the  succession  of  the  teeth  was 
vertical,  not  intercalating  (Plate  1).  The  bearing  of  these  facts  is 
discussed  below. 

The  dentition  of  cynodonts  is  differentiated  into  incisors,  canines, 
premolars  and  molars,  which  in  certain  respects  strongly  suggest  the 
more  primitive  mammalian  types.  Moreover,  in  this  group  there  is 
a  considerable  adaptive  radiation  in  the  dentition,  paralleling  that 
of  the  mammals.  Beginning  with  the  simple  recurved  teeth  of  the 
gorgonopsians  and  therocephalians,  we  have,  on  the  one  hand,  the 
compressed,  sectorial,  teeth  of  Cynosuchus,  Icttdopsis,  Cynognalhus, 
Lycognalhus,  Packygeneleus,  etc,  in  which  the  molars  have  postero- 
lateral cusps  suggesting  those  of  the  triconodonts  among  mammals; 
on  the  other  hand,  we  have  Diademodon  and  its  allies,  in  which  the 
upper  molar  teeth  are  wide  ovals  bearing  several  cusps,  which  may  be 
homologous  with  the  cusps  of  the  primitive  mammalian  molar  crown. 
Watson,  indeed,  has  demonstrated  (1913)  several  structural  stages  in 
the  evolution  of  this  transversely  widened  crown  of  the  upper  molars 
of  Diademodon,  indicating  its  derivation  from  the  compressed  sec- 
torial type  through  the  progressive  development  of  a  lingual  shelf, 
after  the  fashion  seen  in  the  Earlier  stages  in  the  evolution  of  mam- 
malian premolars  (;i£.  11). 

The  skull  of  Cynodonts  as  a  whole  is  of  protomammalian  type  and 
the  zygomatic  arch  is  especially  mammalian,  but  differs  in  the  reten- 
tion of  the  primitive  postorbital  bone,  which  is  lost  in  the  mammals. 
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In  the  lower  jaw  the  dentary  finally  becomes  the  predominant  ele- 
ment, while  the  several  bones  behind  the  dentary,  which  are  of  large 
size  in  all  typical  reptiles,  are  progressively  reduced.  The  dentary 
now  has  a  wide  ascending  ramus  of  submammalian  type,  but  it  has 
not  yet  acquired  a  condyle  for  the  reason  that  it  was  still  entirely  em- 
bedded in  the  temporal  muscle  and  had  not  yet  gained  the  secondary 
contact  with  the  squamosal,'  which  gave  rise  to  the  mammalian  joint 
between  the  skull  and  the  lower  jaw  (cf.  Gaupp,  1913). 

There  is  evidence  tending  to  show  that  the  reduced  angular  of  the 
cynodont  jaw  was  already  in  contact  with  the  tympanic  membrane 

A.     _  ^-^B 


Fic.  11.  The  Last  These  Molars 


After  Watson 


Showing  the  apparent  mode  of  formation  of  the  lingual  part  of  the  crown  through  the 
ingrowth  of  the  baaal  cingulum. 

A,  A',  Diademodan  braami;  B,  D,  mlomophonus;  C,  D,  masliKUS 

(Palmer,  Watson),  forediadowing  the  transformation  of  these  finally 
minute  jaw  elements  (quadrate,  articular,  angular)  into  the  accessory 
auditory  ossicles  of  the  mammals.  So,  too,  in  the  upper  jaw  the 
quadrate  bone,  which  in  primitive  reptiles  is  very  large,  is  here  re- 
duced to  relatively  small  proportions. 

Much  work  has  been  done  in  recent  years  to  support  Reichert's 
theory  that  the  incus  and  malleus  of  the  mammalian  middle  ear  repre- 
sent respectively  the  greatly  diminished  quadrate  and  articular  ele- 
ments of  reptiles.  As  I  first  showed  in  1910,  and  as  recognized  by 
Gaupp,  Watson  and  Broom,  these  extinct  mammal-like  reptiles  of 

'Except  Gompkopuithus.     Petrooievics:  Praceedings  of  iht  Zoologieat  SocUty  {'UmAo'Di, 
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Ml. 

r-Arl. 


(See  legends  on  page  21) 
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South  Africa  afford  an  almost  ideal  transitional  stage  between  the 
primitive,  reptilian  condition,  in  which  the  posterior  elements  func- 
tioned chiefly  as  jaw  bones,  and  the  mammalian  condition  in  which 
they  have  been  entirely  surrendered  to  the  middle  ear,  the  jaw  func- 
tions being  restricted  to  the  dentary  and  the  squamosal. 

Doubtless  objections  to  this  theory  will  continue  to  be  made  by 
those  who  arc  cither  not  familiar  at  first  hand  with  the  anatomy  of 
the  therapsid  reptiles,  or  rely  on  illusory  evidence  and  fortuitous  re- 
semblances, such  as  that  furnished  by  the  development  of  the  middle 
ear  in  frogs  and  other  groups  that  are  widely  removed  from  the  an- 
cestry of  the  mammals. 

The  cynodonts  thus  foreshadow  mammalian  conditions  in  the  jaws 
and  dentition  in  the  following  characters: 

(1)  The  dentition  is  differentiated  into  incisors,  canines,  premolars 
and   molars. 

(2)  The  upper  teeth  overhang,  or  bite  outside  of  the  lower  teeth. 

(3)  In  occlusion  the  upper  and  lower  teeth  alternate,  each  lower 
lying  between  two  uppers. 

(4)  The  cynodonts,  although  closely  related  in  skull  structure,  .in- 


A. — Primitive  therapsid  condition:  a  jaw  of  reptilian  type,  in  wliich  the  elements  be- 
hind the  dentary  arc  not  reduced. 

D,  dentary;  p.  an,  angular  process  of  dentary,  embracing  the  angular  (Ang);  S.  ang, 
lurangular;  Ar,  articular;  Qii,  quadrate,  largely  covered  by  5},  squamosal;  z.  Sq,  zygo- 
matic process  of  squamosal. 

B. — Cynodont  condition:  jaw  of  sub-mammalian  tj'pe;  the  dentary  the  predominant 
element,  with  a  very  wide  ascending  ramus;  post-dentary  elements  reduced,  the  primary 
jaw  (articular,  Meckel's  cartilage)  and  attached  derm  bones  passing  downward  and  for- 
ward, and  being  received  in  the  (ossa  on  the  inner  side  of  the  deotaiy;  stapes  in  contact 
with  quadrate;  the  latter  small  and  lai^ely  covered  by  the  squamosal. 

D,  dentary;  Mk,  Meckel's  cartilage;  p.  an,  angular  process  of  dentaiy;  Ang,  angular; 
P.  arl,  prearticular;  Ar,  articular;  Qii,  quadrate;  5/,  stapes;  Sq,  squamosal. 

C. — Condition  in  mammalian  embr>-o  {Macropiii,  after  Bensley],  seen  from  the  inner 
side:  the  dentary  the  sole  functional  element  of  the  lower  jaw;  articulation  with  squamosal 
by  means  of  a  temporo-mandibular  joint;  elements  behind  dentary  no  longer  functioning 
as  jaw  bones  but  as  accessory  auditory  elements. 

D,  dentary;  ,\lk,  Meckel's  cartilage;  p.  ang,  angular  process;  Ty,  tympanic  bone  (prob- 
ably derived  from  the  angular  of  reptiles] ;  p,  ani,  anterior  process  of  malleus,  a  derm  bone 
probably  derived  from  the  prearticular  of  reptiles;  Ml,  malleus,  probably  derived  from  the 
articular;  In,  incus,  probably  derived  from  the  quadrate;  St,  stapes,  probably  derived 
from  the  stapes  of  reptiles. 
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dude  widely  diverse  types  of  dentition,  which  fore^iadow  simiiai 
series  in  the  mammals.     Thus  we  have: 

(a)  The  primitive,  recurved,  pointed,  teeth  of  the  more  andeot 
cynodonts    (Cynosuchus). 

(b)  The  compressed,  more  serrate,  recun'ed,  sectorial,  teeth  of  the 
q>ecialized   canuvorous  Cynognalkus. 

(c)  The  transversely  expanded  oval  uj^r  molars  of  DtademodoH 
and  its  allies,  bearing  regular  transverse  crests  and  low  caspa.  In  this 
dentition,  the  small,  rounded,  lower,  crowns  fit  between  two  ui^ier 
crowns,  and  there  is  a  distinct  beginning  of  the  interiocking  rdations 
of  cusps  and  spaces  that  are  further  developed  in  the  mammals. 
These  transversely  oval  molar  crowns  have  probably  been  derived 
by  the  lingual  inward  growth  of  the  compressed  crown  of  the  primi- 
tive cynodonts  fWatson). 


Shoning  the  mammal- like  differcntiition  of  the  dentition.  The  upper  teeth  overiwng 
the  lower,  the  tower  canine  being  received  into  a  deep  pit  in  the  upper  jaw. 

(5)  The  dentition  is  reduced  to  two  sets,  apparently  corresponding 
to  the  dcdduous  and  permanent  series  of  mammals. 

(6)  The  mandible  of  the  therapsids  becomes  more  and  more  mam- 
mal-like as  we  ascend  toward  the  cynodonts.  The  dentary  of  the 
latter  has  a  wide  ascending  ramus,  lacking  only  the  condyle  of  a 
mammalian  jaw.  The  elements  behind  the  dentary  meanwhile 
dwindle  in  size  and,  by  a  readily  understandable  progression  in  the 
same  direction,  were  probably  carried  over  into  the  middle  ear,  es- 
pedally  as  there  is  reason  to  believe  that  the  posterior  process  of  the 
angular  bone  was  already  attached  to  the  t>Tnpanic  membrane. 
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(7)  The  prearticular  part  of  the  primary  lower  jaw  ran  downward 
and  forward,  and  was  closely  embraced  by  the  mandibular  fossa  in 
the  dentary,  just  as  in  embryonic  stages  of  all  orders  of  mammals, 
that  part  of  the  Meckelian  cartilage  of  mammals,  which  becomes  the 
anterior  process  of  the  malleus,  runs  downward  and  forward,  and  is 
embraced  by  the  mandibular  fossa  of  the  dentary. 

Although  the  cynodonts  had  many  mammalian  characters,  includ- 
ing two  occipital  condyles,  they  were  technically  reptiles,  because  the 
quadrate  and  articular  bones  still  functioned  as  jaw  bones  (at  least 
in  part),  the  dentary  was  not  in  contact  with  the  squamosal,'  the 
primitive  postorbital  and  prefrontal  bones  were  retained,  and  the 
molar  teeth  were  each  supported  by  an  undivided  root. 

IV.  THE  MESOZOIC  MAMMALS 

The  wide  differentiation  of  the  dentition  in  the  therapsid  reptiles, 
and  the  steady  approach  of  some  of  them  toward  mammalian  condi- 
tions, is  in  harmony  with  the  fact  that,  even  when  the  mammab  first 
appear  in  the  geological  record,  they  already  exhibit  widely  diverse 
types  of  dentition.  Owing  to  the  excessive  rarity  of  Triassic  mam- 
malian remains,  we  lack  knowledge  of  the  stages  in  the  evolution  of 
mammals  from  mammal-like  reptiles,  and  consequently  the  begin- 
nings of  the  diverse  patterns  of  the  mammalian  dentition  are  lost  to 
view.  By  Upper  Triassic  times  we  find  three  widely  different  types 
of  dentition,  which  may  possibly  have  been  derived  from  different 
branches  of  the  mammal-like  reptiles. 

The  Protodonta  from  the  Upper  Triassic  of  North  Carolina 
Family  Dromotheriidje 

The  first,  an  extremely  primitive  type,  is  represented  by  two  lower 
Jaws  from  the  Upper  Triassic  of  North  Carolina,  described  by  Emmons 
in  1857  and  by  Osbom  in  1888  and  1907.  Of  these  the  first,  called 
Dromolherium  syheslre,  is  known  only  from  the  left  half  of  a  lower 
jaw  about  23  mm,  long,  seen  from  the  lingual  aspect;  it  is  preserved 
in  black  shales  along  with  the  remains  of  Ruliodon,  an  extinct  reptile 
also  characteristic  of  the  Upper  Triassic.  The  jaw,  homologous  with 
the  dentary  of  reptiles,  is  of  carnivorous  or  insectivorous  type.    The 

'  Sm  foot-note  on  page  IN. 
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dental  fonnula  is  Ij  C,  P+M,o(P^jM„).  The  three  pointed  erect 
incisors  and  the  single  large  canine  are  separated  from  each  other 
by  large  diastemata,  and  increase  regularly  in  size  and  in  height  from 
the  first  incisor  to  the  canine.  Between  the  canine  and  the  pre- 
molars there  is  a  wide  diastema,  which  indicates  the  existence  of  a 
large  upper  canine.    The  three  premolars,  as  figured  by  Osbom,  are 


Maumals  f 

1. — M icTOconodon  ttnuiroslris:  outer  surface  of  right  half  of  mandible,  greatly  enlarged. 
lb,  the  fourth  or  dflh  molar;  much  enlarged.  2. — Dronelhtriam  sxitesire:  inner  surface 
of  left  half  of  mandible,  greatly  enbrged.     2j,  the  same;  natural  size.     2b,  the  second 

molar  much  enlarged. 

styloid  and  forwardly  inclined.  The  whole  arrangement  of  the  in- 
cisors, canines,  and  anterior  premolare.  is  strongly  suggestive  of  the 
conditions  in  the  cynodonts.  and  implies  a  pronounced  overbite  of 
the  uiqier  incisors  and  canines.  The  chief  difference  from  the  cyno- 
donts is  the  apparent  lack  of  a  chin,  which  i>  quite  deep  in  that  group. 
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The  seven  molars  are  compressed,  with  two  roots*  one  behind  the 
other,  the  space  between  the  roots  extending  well  above  the  level  of 
the  alveolar  border.  Each  molar  culminates  above  in  a  compressed, 
pointed  cusp,  on  the  anterior  slope  of  which  a  second  similar  cusp 
points  upward  and  somewhat  forward.  On  the  posterior  slope  there 
is  a  third  cusp  which,  in  the  third  molar,  is  relatively  large,  but  in 
the  posterior  molars  is  smaller,  and  comes  off  at  a  lower  level  than 
the  anterior  cusp.  The  tifth  molar,  as  figured,  has  a  minute  poster- 
ior basal  spur,  suggesting  an  incipient  heel  or  talonid.  Thus,  the 
molars,  as  seen  from  above,  would  appear  as  compressed,  pointed 
ovals,  with  a  central  large  tip,  and  one  anterior  and  one  posterior 
smaller  cusp,  and  sometimes  a  minute  posterior  basal  spur.  Although 
the  molar  teeth  of  this  jaw  are  somewhat  like  those  of  Tribolodon  and 
other  cynodonts,  they  differ  in  having  two  roots  instead  of  one.  The 
mandible  is  seen  from  the  inner  side,  and  the  surface  of  the  dentaiy  is 
deeply  scored  by  a  longitudinal  "mylohyoid"  groove,  which  is  prob- 
ably the  fossa  for  Meckel's  cartilage,  the  primary  lower  jaw.  The 
mandible  is  curved  below  as  in  the  primitive  cynodonts,  and  the  as- 
cending ramus  slopes  upward  at  an  unusually  low  angle,  which  is 
more  like  that  of  a  cynodont  than  like  that  of  a  typical  mammal. 
The  condylar  process,  although  imperfectly  preserved,  was  apparently 
present,  that  is,  the  secondary  or  mammalian  contact  between  the 
dentaiy  and  the  squamosal  was  already  established.  There  is  no 
trace  of  an  angular  process  on  the  dentary. 

It  was  long  held  that  the  mammalian  nature  of  this  jaw  was  de- 
cisively shown  by  the  fact  that  it  consists  of  a  single  piece,  whereas 
reptilian  jaws,  it  was  said,  consist  of  many  pieces.  This  argument  is 
by  no  means  conclusive,  because  the  reptilian  dentary  consists  also 
of  only  a  single  piece;  and  the  cynodont  dentary  is,  in  many  ways, 
like  that  of  Dromotherium,  which  evidently  represents  the  dentary 
alone,  while  the  elements  behind  the  dentary,  if  present,  might  have 
become  separated  from  it.  But,  if  the  condylar  process  is  correctly 
represented,  it  shows  that  there  was  a  contact  between  the  dentary 
and  the  squamosal,  and  therefore  the  animal  is,  by  definition,*  a  mam- 
mal. Moreover,  the  cynodont  molars  are  supported  by  a  single 
root  while  the  Dromotherium  molars  have  two  incompletely  separated 
roots.    Both  of  these  may  well  be  progressive  characters  derived 
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from  conditions  in  the  cynodonts.  The  vertical  position  of  the 
incisors  and  canines  is  also  reminiscent  of  that  group.  The  dental 
formula  accordii^  to  Osbom's  f^re  (l,  C|P?j  M^)  differs  somewhat 
from  those  of  Cynodonts  (I4  Ci  P+Mg:^), 

From  the  same  Upper  Triassic  beds  of  North  Carolina  is  a  second 
and  somewhat  similar  jaw,  the  Microconodon  lenuiroslris  of  Osbom. 
This  resembles  the  jaw  of  Dromotherium  in  general  characters,  but 
the  molars,  so  far  as  preserved,  approach  the  triconodont  type,  that 
is,  the  central  cusp  is  lower  and  larger,  and  the  anterior  and  posterior 
cusps  are  relatively  higher  up  on  the  crown.  The  premolars  also  are 
lower  and  less  styloid;  and  the  posterior  premolar,  as  figured,  has  an 
incipient  division  into  anterior  and  posterior  roots.  The  ascending 
ramus  slopes  backward  at  an  even  lower  angle  than  in  Dromotherium 
and  there  is  a  low  angular  process  on  the  inferior  border.  The  con- 
dyle is  not  preserved,  but  the  flare  of  the  lower  border  of  the  ascending 
ramus  suggests  that  a  condyle  was  present.  Microconodon  thus  ap- 
parently represents  a  slightly  more  advanced  stage  than  Dromotherium, 
pointing  toward  the  more  primitive  triconodonts  of  a  later  age. 

Dromotherium  and  Microconodon,  occurring  together  in  the  Upper 
Triassic,  are  possibly  a  little  later  in  age  than  the  cynodonts,  but  are 
structurally  intermediate  between  that  group  and  the  triconodonts  of 
the  Jurassic,  and  tend,  so  far  as  they  go,  to  show  that  the  latter  have 
been  derived  from  the  former. 

Kakoomys,  a  Fore-runner  of  the  Trituberculata  from  the 
Upper  Trussic  of  South  Africa 

The  second  main  type  of  Upper  Triassic  mammals  is  represented 
by  Karoomys  browni  of  Broom  (1903),  known  from  a  small  jaw  about 
20  mm.  long,  from  the  red  sandstone  of  the  Karoo  series  of  South 
Africa,  and  assigned  by  Broom  (1909)  to  the  Cynognalhus  beds  of 
Upper  Triassic  age.  Only  a  single  imperfectly  preserved  tooth  re- 
mains, perhaps  a  part  of  the  canine.  The  jaw  has  a  mammalian 
look  in  the  presence  of  a  low  condyle,  a  distinct  corono-condylar  notch 
and  a  small  angular  process.  The  condyle  is  only  a  little  above  the 
level  of  the  alveolar  border,  as  in  many  Mesozoic  mammals;  the  angu- 
lar process  is,  however,  much  larger  than  that  of  the  cynodont  Dia- 
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demodon.  The  ascending  ramus  rises  at  a  very  low  angle,  as  it  does 
in  the  cynodonts  and  in  Dromotherium  and  Microconodon.  The  jaw 
is  shorter  than  that  of  Dromotherium  and  of  most  of  the  Jurassic  mam- 
mals except  Achyrodon  but,  owing  to  the  lack  of  teeth,  its  systematic 
position  cannot  be  precisely  determined.  The  nearest  resemblance  of 
the  posterior  jMirt  is  perhaps  with  the  Upper  Jurassic  Diplocynodon, 
as  suggested  by  Broom.  Karoomys  thus  supplies  another  item  of 
evidence  tending  to  connect  the  mammals  with  the  mammal-like 
reptiles,  and  it  may  represent  the  fore-runners  of  the  Trituberculata 
or  "trituberculate"  Jurassic  mammals. 


MoLTirUBERCULATES  FROM   THE  UPPER   TrIASSIC   OF   ENGLAND   AND 

Germany 
Family  Plagiaulacidee 

The  third  and  by  far  the  most  specialized  group  of  the  Upper  Tri- 
assic  mammals  is  known  from  a  few  minute  teeth  from  the  Rhaetic 
formations,  or  Upper  Triassic,  of  Great  Britain  and  Germany,  which 
are  the  type  specimens  of  Microlestes  antiquus  Plieninger,  Microkstes 
moorei  Owen,  and  M.  rhtrticus  (Dawkins).  These  apparently  are 
early,  but  already  specialized,  members  of  the  order  Multituberculata. 
In  the  typical  members  of  this  order,  the  dentition  is  of  the  highly 
specialized  "diprotodont"  type,  with  a  medial  pair  of  enlarged  lower 
incisors;  high,  compressed,  grooved,  fourth,  lower  premolars;  and 
low,  crowned,  multituberculate  molars. 

The  Microlestes  antiguus  molar,  in  crown-view,  is  oval  and  com- 
pressed, with  a  long,  narrow,  central  fossa,  surrounded  by  lateral  and 
medial  rows  of  irregular  cusps.  This  molar  belongs  in  the  lower  jaw 
and  is  supported  by  two  large  fangs  or  roots  arranged  anteroposte- 
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riorly,  and  showing  a  wide  space  between  them.  The  outer  margin 
of  the  crown  bears  three  tubercles  of  regularly  increasing  size,  of  which 
the  first  at  the  anterior  end  is  the  largest.  The  lingual  border  bears 
a  single  high  anterior  apex,  the  posterior  slope  of  which  bears  a  low 
cusp. 

Microlestes  moorei  consists  of  several  molars  of  somewhat  varying 
character.  One  of  them  (Owen,  1871;  plaU  I,  jigs.  1-3),  supposed  to 
be  an  upper  molar,  consists  of  a  large,  sub-oval,  central  basin,  bor- 
dered by  a  neariy  continuous  rim  which  is  sub-divided  into  three  large 
cusps  on  one  side,  but  barely  divided  into  small  cusps  on  the  opposite 
side.    This  tooth  had  four  roots  arranged  in  pairs  on  opposite  sides. 


^^I^W^ 


FlC.    17.    LOWEK   MOLAXS   OF  MULTITUBERCULATES.      AfTEB  OsBOSN 

1. — MkrcUstes  antiquus,  crown  view,  la,  posterior  face;  lb,  eitemal  face.  All 
greatly  enlarged.  2. — Mkroleites  (Plasiaulax)  mcorei,  crown  view.  i.—Plagioulax 
minor,  crown  view.  3a,  external  face;  X6J.  4. — Ptilodus  IrottsiortioMUS,  crown  view. 
4a,  eitemal  Eace.     i,  i',  internal  tubercles,  e.  e',  external  tubercles. 

A  lower  molar  of  this  species  (Owen,  plate  I,  fig.  6)  has  a  more  elon- 
gate oval  crown  bordered  by  low  cusps.  In  a  third  specimen  the  crown 
is  considerably  elongated  anteroposteriorly,  but  not  so  much  as  in 
M.  anliquus.  In  each  case  there  are  a  number  of  smaller  cusps  on 
one  side  and  three  larger  cusps  on  the  opposite  side. 

The  type  of  MkrolesUs  rJmlicus  (cf.  Owen,  1871,  plate  I,  fig.  16)  is 
a  lower  tooth  with  two  large  roots,  somewhat  like  those  of  one  of  the 
M.  moorei  molars,  and  a  compressed  crown  bearing  numerous  low 
cusps  on  one  margin.  Owen  and  Falconer  recognized  its  resemblance 
to  the  compressed  and  grooved  lower  premolar  of  some  of  the  smaller 
kangaroos,  but  in  their  times  it  was  not  realized  that  such  resemblances 
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in  single  teeth  are  often  produced  by  convergent  evolution  in  widely 
different  orders. 

A  comparison  of  the  lower  molars  of  Microlesles  with  those  of  the 
Upper  Jurassic  genus  Phgiaulax  supports  the  conclusion  of  Falconer 
and  of  Osbom,  that  Microlesles  belongs  in  the  order  Multitubercu- 
lata  or  Allotheria.  Thus,  we  are  confronted  with  the  apparent  anom- 
aly that  one  of  the  most  specialized  of  mammalian  dentitions  is  also 
one  of  the  oldest,  so  far  as  the  geological  record  is  yet  known;  also 
that,  even  at  this  exceedingly  early  date,  the  multituberculate  den- 
tition was  widely  different  from  the  protodont  type. 

PaCHYGENELEUS,  a  possible  ancestor  of  the  MULTrrUBESCULATES 
FROM  THE  StORMBERG  (UpPER  TrIASSIC)   OF  SOITTH  AFRICA 

Numerous  guesses  have  been  made  as  to  the  origin  of  the  multi- 
tuberculate dentition.  In  1910  I  suggested,  in  a  very  tentative  way, 
that  it  might  have  been  derived  from  the  primitive  triconodont  type, 
partly  through  the  upgrowth  of  the  basal  cingulum  forming  a  second 
row  of  cusps.  But  I  also  emphasized  the  extreme  antiquity  of  the 
multituberculates,  and  considered  the  [>ossibiUty  that  the  order 
might  have  been  derived  independently  from  the  mammal-like  rep- 
tiles. Professor  Bolk  has  also  hypothetically  derived  the  multitu- 
berculate molar  from  the  triconodont  type  as  a  result  of  his  pecuKar 
theoiy  of  the  origin  of  mammalian  teeth.  Until  recently  none  of  the 
mammal-like  reptiles  have  afforded  much  evidence  as  to  the  possible 
mode  of  origin  of  the  multituberculate  dentition,  but  in  1913  D.  M.  S. 
Watson  described  the  lower  jaw  of  a  new  '  Cynodont '  from  the  Storm- 
berg  (Upper  Triassic)  of  South  Africa,  named  Pachygeneleus  monus 
which  may  possibly  give  the  long  sought  clue.  In  this  animal  the 
medial  incisor,  ii,  is  described  as  "a  large  tooth  of  oval  section,  which 
appears  to  be  somewhat  procumbent  and  lies  close  up  to  the  symphy- 
sis. I]  is  a  considerably  smaller  tooth,  also  of  oval  section,  which 
lies  close  behind  and  outside  i,.  The  canine  is  a  large  tooth  whose 
root,  the  only  part  preserved,  is  of  oval  section.  It  seems  to  have 
pointed  directly  upwards,  and  immediately  follows  ij.  Behind  the 
canine  is  a  long  diastema,  which  is  followed  by  a  series  of  cheek  teeth, 
six  of  which  are  preserved  before  the  fracture  which  terminates  the 
specimen." 
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Although  the  cheek  teeth  are  described  as  single  rooted,  the  Egure 
suggests  the  presence  of  a  vertical  depression  on  the  inner  side  which, 
if  further  deepened,  would  tend  to  divide  the  single  root  into  anterior 
and  posterior  moieties.  The  molars  are  narrow  from  side  to  side. 
The  crown  of  the  fifth  is  described  as  "of  an  irregular  oval  shape, 
widest  in  front,  where  it  is  about  three-quarters  of  its  length.  There 
are  four  cusps  arranged  longitudinally  and  forming  the  outer  side  of 
the  tooth;  the  summits  of  the  anterior  three  of  these  are  broken,  but 
it  is  certain  that  the  first  was  much  the  largest  and  that  they  gradually 


Fig.   18.  Lower  Molars  of  Packygendews  menus,  a  'Cvnodos't'  frou   the  Uppeb 

Triassic  or  SoiTTH  Africa,  Showing  Characters  which  may  be  Expected 

IN  A  Structural  Ancestob  of  the  MurnrUBERCULATEs. 

X8.    Aftee  Watson 


2. — Inner  aspect  of  Mi, 


n  of  fifth  molar 


declined  in  size  and  height  to  the  fourth."  "On  the  inner  side," 
continues  the  describer,  "is  a  strong  cingulum,  whose  position  will 
best  be  understood  from  the  figures.  This  shows  a  very  faint  crimp- 
ing, as  if  in  the  descendants  of  our  animal  it  might  have  developed 
cusps." 

This  interesting  specimen  then  foreshadows  the  multituberculate 
dentition  in  the  following  characters: 

(1)  There  is  a  decided  tendency  for  the  lower  front  teeth,  or  some 
of  them,  to  become  procumbent. 

(2)  There  is  already  developed  a  long  postcanine  diastema. 
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"**  (3)  ITie  cheek  teeth  are  narrow  from  side  to  side  and  the  crowns  are 
of  "an  irregular  oval  shape,"  with  a  row  of  four  cusps  arranged  longi- 
tudinally and  forming  the  outer  si«  of  the  tooth,  the  first  being  the 
largest;  while  on  the  inner  side  is  a  strong  cingulum  already  faintly 
crimped,  "as  if  in  the  descendants  of  our  animal  it  might  have 
developed  cusps." 

Possibly  Dr.  Watson  had  the  molar  of  Microlestes  antiquus  in  mind 
when  writing  this  description  but  was  too  discreet  to  mention  it,  in 
view  of  the  well  known  tricks  of  convergent  evolution.  But  the  fact 
is  that  the  mulUtubercuIates  are  evidently  too  highly  specialized  to 
be  derived  from  any  other  ktunvn  order  of  Mesozoic  mammals.  On 
the  other  hand,  the  skull  structure  of  one  of  the  later  multitubercu- 
lates  diows  that  they  were  true  mammals  related  either  to  the  mono- 
tiemes  or  to  the  marsupials,  according  to  different  authorities;  hence 
tB%  must  at  least  have  arisen  from  some  family  of  mammal-like  rep- 
tiles which  was  closely  related  to  the  direct  ancestors  of  the  later 
mammals.  Although  Pachygendeus  itself  probably  comes  a  little  too 
late  in  geological  time  to  be  the  immediate  ancestor  of  the  muUi- 
tuberculates,  it  shows  us  a  structural  stage  through  which  such 
ancestors  must  have  passed,  as  we  may  infer  from  several  similar 
cases  among  later  mammals  with  more  or  less  multituberculate-like 
features  of  the  dentition.  The  development  of  procumbent  "dipro- 
todont"  front  teeth,  and  of  a  long  diastema,  has  often  preceded  the 
reduction  or  loss  of  the  upper  canines,  and  was  in  hannony  with 
the  development  of  cheek  teeth,  with  two  rows  of  longitudinally 
arranged  cusps  adapted  finally  for  crushing  fruits  and  seeds. 

The  Mammals  of  the  Stonesfield  Slate  (Lower  Jurassic) 

The  next  vista  of  Mesozoic  mammalian  life  is  afforded  by  the 
fauna  of  the  Stonesfield  Slate  of  England,  of  Oolitic  or  Lower  Jurassic 
age.  This  assemblage,  as  described  by  Owen  (1871),  Osbom  (1888) 
and  Goodrich  (1894),  includes  but  four  genera,  two  of  them  (Amphi- 
lestes,  Phascolotherium)  probably  representing  the  descendants  of  the 
Protodonta;  the  third  {Amphitherium)  representing  an  extremely 
primitive  stage  of  the  Trituberculata;  and  the  fourth  {Siereognathus), 
of  very  uncertain  affinities,  possibly  allied  with  the  Multituberculata. 
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ORDER  TRICONODONTA 

Family  TriconodontidK 

The  primitive  genus  Ampkilestes  is  of  interest  because  it  tends  to 
connect  the  Order  Triconodonta  with  the  Order  Protodonta  and  to 
indicate  the  mode  of  derivation  of  the  triconodont  dentirion.  The 
minute  jaw  of  Ampkilestes  Broderipii,  some  26  mm.  in  length,  as  in  so 
many  of  these  primitive  mammals,  is  long  and  slender  with  a  curved 
lower  border,  a  low  condyle  near  the  level  of  the  alveolar  margin, 
and  a  wide  coronoid  process.  The  premolars  and  molars  are  com- 
pressed, each  having  two  well  separated  roots.  The  four  premolars 
have  high  pointed  apices  and  incipient  talonid  spurs.  The  molars 
represent  a  distinct  advance  upon  the  above-described  Micro- 
conodon  type,  as  the  anterior  and  posterior  cusps  are  stouter,  and 
the  main  central  apex  is  wider  anteroposteriorly.  A  strong,  inter- 
nal, basal  cingulum  appears,  which  is  produced  both  in  front  and  in 
the  rear  beyond  the  base  of  the  anterior  and  posterior  cusps.  It  also 
rises  in  the  middle  opposite  the  base  of  the  central  cusp.  The  pres- 
ence of  an  internal  cingulum  has  been  noted  above  (p.  30)  in  the 
cynodont  Pachygeneleus.  It  was  rapidly  developed  to  extremes  in 
the  multituberculates  but,  in  the  order  Triconodonta,  it  did  not  give 
rise  to  a  second  scries  of  cusps  parallel  to  the  buccal  series.  Its 
origin  is  obscure,  but  neither  the  Triconodonta  nor  any  other  order 
of  Mesozoic  mammals  give  evidence  for  Prof.  Bolk's  view  that  the 
basal  cii^ulum  represents  a  "deutomere,"  arising  from  the  fusion  of 
a  second  tooth-germ,  Ungual  to  the  first.  The  basal  cingulum  is 
often  associated  with  th,;  roots  rather  than  with  the  summit  of  tie 
tooth,  at  least  in  eariy  stages  of  evolution.  The  inner  side  of  the 
Ampkilestes  jaw  is  grooved,  as  in  other  Mesozoic  mammals,  perhaps 
for  the  remnant  of  the  Meckelian  cartilage.  Apparently,  the  angu- 
lar region  is  strongly  inflected,  as  it  is  in  other  triconodonts,  and  the 
condyle  is  extremely  low,  in  line  with  the  alveolar  border.  The 
latter  fact  indicates  that  the  alveolar  process  (maxilla)  of  the  upper 
jaw  was  vertically  shallow  and  not  depressed  below  the  level  of  the 
brain  case;  in  other  words,  that  the  basifacial  and  basicranial  axes 
were  nearly  continuous. 
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Phascolotberium  Bucklandi  [Oxford  Mus.] 


Fig.  19.  Loweb  Jaws  o»  Twconodonts  peou  the  Stoncspieib  Slate 
(LowEB  JuxAsstc).    X4.    Afteb  Goodbicr 
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In  Phascolotherium  Bucklandi,  the  second  triconodont  from  the 
Stonesfield  Slate,  the  jaw  is  larger  (35  nun.  long)  and  stouter,  and  the 
molars  have  somewhat  lower  crowns,  each  with  a  lower  central  cusp 
and  better  (relatively)  developed  anterior  and  posterior  cusps. 
There  is  a  strong  internal  cingulum,  which  projects  at  the  anterior 
and  posterior  ends  of  the  tooth.  This  cingulum  is  clearly  associated 
with  the  alveolar  portion  of  the  tooth,  rather  than  with  the  coronal 
part. 

The  posterior  part  of  the  lower  jaw  is  devoid  of  an  angular  process 
and  is  strongly  inSected,  while  the  groove  for  Meckel's  cartil^e  is 
well  defined.  There  are  three  or  perhaps  four  small  and  sl^tly  pro- 
cumbent lower  incisors,  an  erect  canine  and  perhaps  seven  post- 
canine  teeth.  The  premolars,  as  figured,  are  much  like  the  molars, 
only  smaller.  Possibly,  some  of  the  submolariform  premolars  may 
belong  in  the  deciduous  series. 

The  structural  series  Dromotherium,  Microconodon,  AmpkUestes, 
Phascololherium,  seems  to  be  tending  toward  the  triconodonts  of  a 
later  horizon.  Osbom  has  in  fact  regarded  Ampkilesles  and  Phas- 
colotherium as  ancestral  to  Triconodon,  with  which  they  agree  in  the 
general  form  of  the  jaw,  inflection  of  the  angle,  and  ordinal  charac- 
ters of  the  molars.  They  differ  from  Triconodon  and  its  allies  in  the 
presimiably  much  more  primitive  construction  of  the  molars.  They 
differ  in  many  characters  from  the  multituberculates  and,  although 
more  primitive,  are  probably  not  ancestral  to  that  group.  From 
Amphitherium  and  the  other  Trituberculata  they  differ  especially  in 
the  form  of  the  jaw  and  in  the  construction  of  the  molars,  as  will 
presently  be  shown.  There  is  nothing  definite  to  connect  them  as 
ancestors  with  any  of  the  existing  insectivores  and  carnivorous  mar- 
supials, or  with  any  of  the  orders  of  placental  mammals.  They  rej)- 
resent  an  early  experiment  in  evolving  a  carnivorous  type  of  mam- 
maUan  dentition,  remotely  like  that  of  certain  existing  seals  with 
"triconodont"  molars  but  of  comparatively  minute  size.  As  being 
considerably  older  geologically  and  also  much  more  primitive  than 
Triconodon,  they  deserve  far  more  attention  than  they  have  received, 
especially  from  those  opponents  of  the  Cope-Osbom  "  theory  of  tritu- 
berculy"  who  assume  the  molar  pattern  of  Triconodon  as  the  basis 
for  rival  hypotheses  concerning  the  origin  of  complex  mammalian 
molars. 
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ORDER  TRITUBERCULATA 

Family  AmphitheriidEe 

The  most  important  maimnal  in  the  Stonesiield  Slate  fauna,  or 
indeed  in  the  whole  Mesozoic  history,  is  Amphitkerium,  since  this 
genus  represents  the  oldest  and  most  primitive  form  of  the  "tritu- 
bercuiar"  dentition.  Known  from  several  lower  Jaws,  the  dental 
formula  as  given  by  Goodrich  is  U  Ci  PMs  M,.  It  will  be  noted  that 
this  agrees  with  modem  marsupiak  not  only  in  the  number  of  in- 
cisors, but  also  in  the  fact  that  the  post-canine  teeth  (eleven  in 
number)  are  much  more  numerous  than  in  either  placentals  or  mar- 
supials of  later  ages.  The  relatively  high  number  of  [>ost-canine 
teeth  is  thus  characteristic  both  of  the  earliest  triconodonts  and  of 
the  primitive  trituberculates,  while  the  reduced  number,  seven,  in 
typical  marsupials  and  placentals,  in  all  probability,  has  arisen 
through  the  loss  of  some  of  the  posterior  teeth,  concomitant  with  an 
increase  in  the  anteroposterior  diameter  of  the  remaining  teeth. 
The  Amphuherium  jaw  differs  widely  from  the  specialized  marsupial 
and  triconodont  types  in  having  a  well  developed  and  distinct  angu- 
lar process,  as  in  primitive  placental  mammals.  The  areas  for  the 
temporal  and  masseter  muscles  on  the  outside  of  the  jaw  are  clearly 
indicated,  and  likewise  suggest  the  condition  in  primitive  placentab. 
The  very  distinct  and  pedunculate  condyle  is  raised  well  above  the 
level  of  the  alveolar  border,  so  that  the  maxilla  was  probably  deeper 
and  the  face  more  bent  upon  the  cranium  than  in  contemporary 
triconodonts.  The  coronoid  process  is  wide,  but  ascends  at  a  sharper 
angle  than  in  the  triconodonts  and  protodonts.  The  small  incisor 
teeth  are  gently  procumbent,  as  in  insectivorous  mammals.  The 
canine  appears  to  have  two  roots  homologous  with  the  two  main  roots 
of  the  premolars  and  molars.  The  premolars  increase  in  size  poste- 
riorly. They  have  a  compressed  conical  crown  with  a  steeper  anterior 
edge  which  appears  to  be  deflected  inward  toward  the  base,  and  a 
more  sloping  posterior  edge  which  runs  into  an  incipient  basal  talonid. 
There  are  no  indications  of  paraconids  and  metaconids  in  the  lower 
premolars.  In  the  true  molars  the  main  cusp  on  the  buccal  side  is 
evidently  homologous  with  the  single  tip  of  the  molars,  and,  as  in  all 
primitive  mammals,  there  is  no  doubt  that  the  protoconids  of  the 


A.  Oweni  lOxford  Mus. 


Fio.  20.  LoivTK  Jaws  o 


Am'HiTHgMuii  noM  the  Stonestield  Slate 
(Lowe*  Jokassic) 


Sbowiag  the  most  ancient  and  primitive  known  tritubetculat  lower  molais,  with  asym- 
metrical tiigonids  and  low  incipient  talonids.     X4.    After  Goodrich. 

1, 2  — Inntr  view  of  left  mandibular  ranius.    3.— Outer  view  of  rigfit  ramus;  the  outer 
•idc*  of  the  molars,  including  tlie  protoconids,  have  been  broken  off-    4. — Inner  view  of 
right  ramus,  showing  all  three  cusps  of  the  first,  second  and  fifth  molars;  in  the  third  and 
fourth,  the  protoconids  have  been  broken  off  or  are  bidden  in  the  matrix. 
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lower  molars  are  serially  homologous  with  the  tips  of  the  premolars. 
The  inner  side  of  the  molars  bears  three  cusps:  (1)  anteriorly,  a  well- 
developed  paraconid  directed  upward  and  forward;  (2)  a  metaconid, 
which  is  placed  almost  directly  internal  to  the  posterior  slope  of  the 
protoconid,  its  tip  pointing  upward,  on  a  lower  level  than  the  tip  of 
the  protoconid  and  level  with  the  tip  of  the  paraconid;  and  (3)  a 
slight  basal  elevation  on  the  lingual  side  hardly  deserving  to  be  called 
a  distinct  cusp,  but  representing  the  beginning  of  the  talonid,  or 
posterior  heel,  of  future  tritubercular  teeth. 

As  thus  described,  Ampkitkerium  has  an  extremely  primitive  pat- 
tern of  the  lower  premolars  and  molars,  archetypal  to  those  of 
primitive  placental  .mammals  as  well  as  of  the  polyprotodont  marsu- 
pials. 

Both  the  dentition  and  the  general  form  of  the  jaw  of  this  oldest 
and  most  primitive  tritubercular  mammal  are  in  wide  contrast  to 
those  of  the  contemporary  Triconodonta,  and  may  possibly  indicate 
an  entirely  separate  derivation  from  the  mammal-like  reptiles. 
Nevertheless,  there  are  certain  important  characters  in  common  to 
these  two  orders,  as  follows:  (1)  the  presence  of  two  main  anterior 
and  posterior  roots,  separated  by  conspicuous  interspaces,  on  all  the 
premolars  and  molars,  a  character  distinctly  mammalian  and  barely 
suggested  or  not  found  in  mammal-like  reptiles;  (2)  the  obvious  simi- 
larity of  the  compressed  premolar  crowns  and  of  their  protoconids 
in  both  orders;  (3)  the  differentiation  of  the  teeth  into  incisors,  ca- 
nines, premolars  and  molars;  (4)  the  low  position  of  the  mandibular 
condyle,  the  great  width  of  the  ascending  ramus,  the  prominence  of 
the  Meckehan  groove,  and  the  length  and  slenderness  of  the  hori- 
zontal ramus. 

While  the  lower.molars  of  Ampintherium  are  unquestionably  of  the 
primitive  tritubercular  type,  which  thus  appears  for  the  first  time  in 
geological  history,  and  while  they  are  thus  of  great  interest  as  being 
structurally  archetypal  to  the  more  advanced  stages  of  later  epochs, 
yet  this  genus  in  itself  furnishes  but  little  evidence  on  the  mode  of 
origin  of  the  tritubercular  ground-plan.  The  three  cusps  on  the 
inner  side  of  the  lower-molar  crown,  that  is,  the  paraconid,  the 
metaconid,  and  the  low  entoconid,  or  internal  tip  of  the  incipient  talonid, 
mi^t  have  grown  out  of  the  three  similarly  situated  projections  of 
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the  internal  dngulum  of  the  lower  molars  of  the  triconodont  genera 
Amphilestes  and  Phascolotherium,  but  we  have  no  convincing  proof 
that  they  did  so  arise. 

An  e^tedally  significant  feature  of  Amphilkerium  is  the  sharp 
contrast  between  the  premolars  and  molars,  the  former  lacking  even 
a  suggestion  of  the  para-  and  metaconids.  This  contrast  is  more 
emphatic  in  this  most  ancient  trituberculate  genus  than  in  the  mam- 
mals of  later  epochs,  in  which  the  premolars  tend  to  assume  the  molar 
pattern;  so  that,  finally,  there  is  a  gradual  passage  from  the  anterior 
toward  the  posterior  premolars,  which  eventually  become  fully 
molariform. 

In  the  successors  of  Amphitherium,  from  the  Furbeck  beds,  there 
were  two  sets  of  antemolar  teeth  corresponding  to  the  deciduous 
and  permanent  series  of  later  mammals.  As  the  molars  were  not 
replaced  the  initial  difference  between  the  premolars  and  molars 
may  somehow  be  associated  with  the  replacement  of  the  premolars 
and  with  the  probable  fact  that  the  molars  are  homologous  with 
the  first  or  deciduous  series  of  premolars,  and  that  the  post-deciduous 
molars  were  suppressed  far  back  in  geological  time,  as  we  have  already 
seen  to  be  the  case  in  the  Triassic  cynodonts. 

In  conclusion,  it  is  certain,  from  the  evidence  afforded  by  Ampfn- 
therium,  that  the  primitive  "tritubercular"  type  of  molar  was  estab- 
lished as  far  back  as  the  Lower  Jurassic— that  at  that  time  the  lower- 
molar  crown  consisted  of  a  normal  "trigonid,"  with  a  high  buccally 
placed  apex  (protoconid)  and  a  basal  posterior  spur  or  incipient 
talonid.  The  "  protoconids "  of  the  molars  were  evidently  homol- 
ogous with  the  compressed  tips  of  the  premolars,  which  lacked  the 
para-  and  metaconids,  but  already  possessed  incipient  talonid  spurs. 

Although  the  upper  teeth  of  Amphitherium  are  unknown,  by  appli- 
cation of  well-founded  principles  gained  from  the  study  of  occlusal 
relations  between  the  upper  and  lower  teeth  of  many  other  mam- 
mals, it  is  safe  to  make  the  following  inferences  concerning  them: 

(1)  The  upper  premolars  had  simple  compressed  apices  with  a  low 
internal  extension. 

(2)  Each  upper  premolar  was  supported  by  two  main  roots. 

(3)  The  upper  molar  crowns  were  unevenly  trigonal  with  high, 
lingually  placed  apices,  fitting  between  the  trigonids  of  the  lower 
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molars.    Hie  triangular  interdental  spaces  between  the  upper  molars 
received  the  trigonids  of  the  lower  molars. 

(4)  The  internal  apices  of  the  upper  molars  did  not  fit  into  the  basins 
of  the  talonids  as  do  the  similarly  placed  but  not  homologoxis  "proto- 
coties"  of  later  mammals,  for  the  ample  reason  that  the  talonids 
had  not  yet  acquired  basins  or  fossa;,  except  in  an  incipient  degree. 

(5)  The  internal  apex  of  each  upper  molar  probably,  however, 
bore  a  low  anterointemal  basal  rim,  the  product  of  the  basal  dngu- 
lum  and  the  probable  forerunner  of  the  future  "protocone,"  which 
articulated  with  the  incipient  talonid  of  the  lower  molars. 

Thus,  in  AmpMlherium  of  the  Lower  Jurassic,  we  have  fully  estab- 
lished the  following  relations  which  are  the  starting  point  for  the 
more  complex  conditions  of  later  types: 

(1)  The  premolars  of  the  adult  are  more  simple  than  the  molars 
and  belong  to  the  second  or  replacing  series. 

(2)  The  molars  are  trigonal,  with  the  primitive  apices  on  the 
lingual  side  in  the  upper  teeth  and  on  the  buccal  side  in  the  lower 
teeth. 

(3)  The  upper  molars  are  received  in  the  interdental  spaces  on  the 
buccal  side  of  the  lower  teeth,  whUe  the  lower  molars  are  received 
in  the  interdental  spaces  on  the  lingual  side  of  the  upper  teeth. 

ORDER  MDLTITUBERCULATA? 

Stereognathits 

The  most  puzzling  member  of  the  Stonesfield  Slate  formation  is  the 
genus  Stereognathus,  known  from  a  fragment  of  a  lower  jaw*.  The 
preserved  molars  exhibit  two  rows  of  more  or  less  V-shaped  cusps. 
The  affinities  of  this  animal  are  quite  uncertain',  at  least  it  has  no 
known  bearing  on  the  evolution  of  the  tritubercular  type  except  to 
emphasize  the  wide  differences  in  molar  patterns  which  had  been 
evolved  as  far  back  as  the  Lower  Jurassic. 

*See,  honever,  p.  ^lii. 
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The  Sotjth  African  Maumal  Trttylodon  (Lower  Jurassic) 

ORDER  MDITITUBERCULATA? 

Family  Tritylodontidfle 

In  the  summit  of  the  Karoo  series  m  South  Africa,  and  in  a  horizon 
which  Broom  assigns  to  the  Lower  Jurassic,  was  found  the  skull  of 
Trttylodon  long(Evus.  Owen  regarded  this  as  a  mammal,  but  Seeley 
held  that  it  was  a  modified  cynodont  reptile.  An  examination  of  the 
original  skull  by  Broom  led  him,  in  1910,  to  support  Owen's  opinion 
and  to  assign  TrUylodon  to  the  order  Multituberculata.  Its  denti- 
tion Is  of  the  highly  specialized  rodent-like  type,  with  a  pair  of  en- 
larged pointed  incisors,  a  wide  diastema,  and  a  row  of  seven  molars 
with  quadrate  crowns  supporting  three  rows  of  small  cusps.  Trt- 
tylodon in  its  molar  teeth  differs  widely  from  the  later  multitubercu- 
lates,  except  the  Paleocene  Polymastodon  and  its  allies;  and  even 
these  resemblances  are  very  remote  and  apparently  due  to  con- 
vergence. Possibly  the  "multituberculate"  type  of  dentition  was 
evolved  more  than  once  among  the  Mesozoic  mammals,  as  we  know 
that  it  was  among  the  Tertiary  mammals.  The  existence  of  this 
genus  in  the  Lower  Jurassic  again  emphasizes  the  extreme  antiquity 
and  independence  of  the  multituberculate  type  of  dentition,  and 
strengthens  the  view  that  the  Multituberculata  have  no  near  rela- 
tionships with  either  the  triconodont  or  the  trituberculate  orders. 

The  Mammals  of  the  Purbeck  and  Morrison  Beds  (Upper 

JtlRASSIc) 

In  the  Purbeck  Beds  of  England,  of  Upper  Jurassic  age,  described 
especially  by  Owen  (1871)  and  by  Osbom  (1888),  is  found  a  relatively 
numerous  mammalian  fauna  consisting  mostiy  of  the  lower  jaws  of 
minute  mammals  of  diverse  types.  The  Morrison  formation  of  simi- 
lar age  in  Wyoming,  which  has  yielded  the  remains  of  many  gigantic 
dinosaurs,  also  carries  a  closely  similar  mammalian  micro-fauna. 
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ORDER  MULTITUBERCULATA 

Family  Plagiaulacidte 

In  the  Purbeck  Beds,  the  muUitubercuIates  are  represented  chiefly 
by  the  lower  jaws  of  the  highly  specialized  Plagiaulax,  which  had  a 
single  pair  of  enlarged,  procumbent,  piercing  incisors,  followed  by  a 
short  diastema;  premolars,  three  in  number,  compressed  and  bearing 


Fig.  21.  Lowei  Jaws  and  Teeth  of  Plagiaidax 
Pdrbeck  Beds  {Upper  Juras 
9. — Plagiaulax  minor,  right  ramus,  lateral  aspect;  n.  s.,  natural  uze.  A,  the  same, 
X  3;  B,  the  two  lower  molais,  X6.  10. — Plagiaulax  becklesii,  porlion  and  impression 
of  right  ramus,  XI;  ^4,  the  same,  X3.  11. — Counterpart  impres^on  and  portion  of 
the  same  ramus;  natural  uze.    A,  the  same,  X3. 

many  parallel,  oblique  ridges  and  grooves,  the  last  premolar  being 
very  large  and  projecting  far  above  the  level  of  the  molars;  molars 
small,  oval,  with  deep  central  fossa  bordered  by  irregular  cusps,  the 
smaller  and  more  numerous  ones  being  on  the  buccal  wall  of  the 

As  shown  by  Gidley  (1909,  p.  612),  the  upper  dentition  of  Plagiauiax 
is  probably  represented  in  the  type  of  Bolodon  crassidens  Owen.    One 
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pair  of  the  upper  tndsors,  possibly  the  second,  is  enlarged  in  oppost- 
tion  to  the  enlarged  procumbent  pair  of  lower  incisors;  the  outermost 
incisors  (possibly  U)  are  small.  There  is  a  slight  diastema  followed 
by  a  straight  row  of  cheek  teeth,  of  which  at  least  the  first  two  have 
three  rounded  cusps  with  the  apex  on  the  buccal  side,  as  in  the  Mor- 
rison genera  Ctenacodon  and  AUodon.  As  shown  by  comparison  with 
the  Paleocene  genus  PtUodus,  these  upper  premolars  may  have  served 
to  hold  the  fruits  or  nuts  in  place  and  to  assist  in  aacking  them  while 
the  grooved  lower  premolars  cut  them. 

The  upper  molars,  as  figured  by  Osbom,  were  elongate  oval  with 
two  anteroposterior  rows  of  three  cusps,  each  separated  by  a  median 
groove.  Similarly  in  AUodon,  from  the  Morrison  formation,  there 
were  two  rows  of  three  cusps  each  separated  by  a  long,  straight  cen- 
tral fossa.  Here,  again,  the  difference  of  the  multitubercidate  type 
of  dentition  from  those  of  the  other  contemporary  orders  is  very 
great,  and  should  discourage  further  attempts  to  derive  it  directly 
from  the  triconodont  mammalian  type  rather  than  from  some  cyno- 
dont  reptilian  type,  such  as  Pachygeneleus  (see  p.  30  above). 

ORDER  TRICONODONTA 
Family  Triconodontidfe 

This  group  is  now  represented  by  numerous  lower  jaws  of  the 
genus  Triconodon  and  the  allied  Triacanihodon.  The  jaw  of  Tri- 
conodon  mordax  is  about  38  mm.  in  length,  while  that  of  T.  major  may 
have  been  about  55  mm.  long.  This  was  nearly  twice  as  large  as  the 
jaw  of  the  far  more  primitive  Amphilestes  of  the  Stonesfield  Slate,  and 
was  abnost  gigantic  in  comparison  with  the  diminutive  jaw  of  Slylodon 
fnisillus  which  was  some  18  mm.  in  length.  Thus,  even  in  this 
micro-fauna,  there  was  a  wide  variation  in  size;  but  even  the  largest 
animals  were  far  smaller  than  their  carnivorous  analogues  of  later 
periods. 

The  lower  molars  of  the  Purbeck  Triconodontidfe  each  bear  three 
subequai,  compressed,  conical  cusps  arranged  anteroposteriorly,  and 
bordered  by  a  stout  internal  cingulum.  They  have  probably  arisen 
through  the  increase  in  size  of  the  anterior  and  posterior  molar  cusps 
of  some  such  forms  as  Amphilestes  and  Phascolotherium  of  the  Stones- 


Fig.  22.  Upper  and  Lower  Jaws  of  Triconodomts  frou  the  Purbece  Beds 
(Upper  Jurassic).    After  Owen 

1. — Triamodonmordax,  \ellmaaiiihvhtiamus;  natural  size.  A,  the  same;  X2.  11. — 
Triamodoa  ferox,  left  niandibular  ramus,  medial  aspect;  natural  size.  A,  third  molar; 
X3.  17. — Tritonodon  jaax,  portion  of  right  maxilla,  Ibgual  aspect;  natural  size.  A, 
the  some;  X3.  2. — Triconodon  occisar,  right  and  left  mandibular  rami;  natural  site.  3. — 
Triconodott  major,  right  mandibular  ramus;  natural  size.  6. — Triconodon  minor,  right 
mandibular  ramus;  natural  size.  A,  the  same;  X3.  7. — Triacantluidon  serrula,  portion 
and  imprNUon  of  left  mandibular  ramus,  natural  size.  A,  the  same;  X2.  8. — Coun- 
terpart impresuon,  and  portion,  of  the  same  ramus  (7).  A,  the  same;  X2. 
43 
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field  Slate  fauna.  As  the  anteroposterior  diameter  of  each  lower 
molar  has  now  markedly  increased,  there  has  been  a  corre^msding 
reduction  in  the  total  number  of  molars  from  five  to  three,  or  rarely 
four.  A  decrease  in  the  number  of  molars,  with  a  concomitant 
increase  in  the  anteroposterior  diameter  of  each,  is  also  observable 
in  comparing  earlier  with  later  members  of  several  other  phyla  of 
mammals. 

The  upper  molars  are  similar  to  the  lower,  but  have  the  dngulum 
on  the  outer  instead  of  on  the  inner  side.  The  lower  premolars,  four 
in  number,  seem  to  have  deciduous  predecessors.  In  the  lower  jaw 
the  ^ex  of  the  fourth  premolar  is  much  higher  than  that  of  the  first 
molar.  The  premolars  have  compressed  protoconids  and  the  crowns 
are  simpler  than  those  of  the  molars,  but  are  beginning  to  develop 
the  triconodont  pattern.  The  fourth  deciduous  cheet  tooth,  as  fig- 
ured, is  more  molariform  than  its  permanent  successor,  as  is  usually 
the  case  in  all  orders. 

The  dental  formula  of  the  adult  is  given  as 

The  lower  jaw  is  stout,  well  curved  below,  with  a  prominent  ca- 
niniform  canine,  a  wide  ascending  ramus  and  fully  inflected  angle. 
The  areas  for  the  masseter  and  temporal  muscles  on  the  outer  side, 
and  for  the  pterygoid  muscles  on  the  inner  sidfe,  are  extensive.  The 
condyle  is  in  line  with  the  lower  border  of  the  jaw,  as  it  is  also  in  the 
raultituberculates.  The  typical  triconodonts  were  thus  evidently 
the  aggressive  carnivores  of  this  micro-fauna,  remote  descendants 
perhaps  of  some  of  the  smaller  mammal-like  reptiles,  but  already  too 
spedalized  to  be  ancestral  to  the  trituberculate  marsupials  and 
placentals. 

In  the  Morrison  formation  of  North  America  we  find  the  true 
triconodonts  represented  by  Marsh's  genus,  Priacodon,  in  which  the 
internal  dngula  of  the  premolars  and  molars  are  strongly  developed. 
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ORDER  TRICONODONTA? 
Family  Spalacotheriidee 

Of  uncertain  relationships,*  but  of  considerable  morphological  in- 
terest, are  the  Purbeck  genera,  Spdacolherium  Owen  and  Phasco- 
Ustes  Owen,  represented  by  minute  lower  jaws  with  a  slender  hori- 
zontal ramus  and  sharp,  pricking,  molars  of  insectivorous  type.  The 
sharp  proto-,  para-,  and  metaconids  constitute  an  equilateral  tri- 
angle with  the  protoconid  at  the  apex.  Certain  characteristics  of 
the  molars  of  Spalacotherium  tricuspidens,  as  figured  by  Owen  (1871, 
plate  1)  and  by  Osbom  (1888,  plateS),  have  given  rise  to  the  well-known 
"Cope-Osbom  hypothesis"'  that  the  tritubercular  lower  molar  arose 
through  the  rotation"  or  circumduction  of  the  anterior  and  posterior 
cusps  toward  the  lingual  side,  so  as  to  produce  a  triangular  arrange- 
ment, the  protoconid  forming  the  apex  on  the  outer  or  buccal  side, 
and  the  main  anterior  and  posterior  cusps  forming  the  para-  and 
metaconids  on  the  lingual  side.  The  jaws  of  Menacodon  Marsh  and 
Tinodon  Marsh,  from  the  Morrison  formation,  have  also  given  sup- 
port to  this  suggestion  because,  both  in  the  inner  and  outer  views, 
their  cheek  teeth  on  the  one  hand  recall  the  triconodont  pattern, 
and  on  the  other  hand  suggest  that  of  Spalacotherium.  Moreover, 
the  angular  region  in  a  certain  jaw  referred  to  Spalacotherium  appears 
to  be  strongly  inflected  as  in  the  triconodont  type. 

It  is  indeed  possible  that,  as  suggested  by  Osbom  (1888,  p.  243), 
Spalacotherium  and  its  American  allies  have  been  derived  from  a 
more  primitive  triconodont,  such  as  Phascolotherium  of  the  Stones- 
field  Slate,  in  which  the  anterior  and  posterior  cusps  were  said  to  be 
slightly  internal  to  the  main  cone,  or  protoconid. 

The  transition  from  the  Spalacotheres  to  the  true  Trituberculata 
has  not  been  satisfactorily  established,  although  the  lower  jaws  of 
"Peramus"  oflTer  some  evidence  in  that  direction,  since  they  were 
referred  originally  to  Spalacotherium  but  were  subsequently  shown 
by  Osbom  (1888.2,  p.  295)  to  belong  with  Peramus.  This  genus  has 
the  asymmetrical  trigonid  of  the  trituberculates  rather  than  the  sym- 
metrical trigonid  of  the  spalacotheres. 

•  See  p.  liii. 
'See  p.  vii. 
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Fig.  23.  Lowes  Jaws  or  Spalacothtrium  trkuspidens,  from  the  Pubbeck  FouiAnoM 
(Upper  Jurassic),  After  Owen 
32.— Portion  of  left  ramus;  natuTal  size.  A,  The  same;  X2.  B,  oblique  view  of  x 
mokar  tooth;  X4.  C,  the  sane,  upper  view.  33. — Pari  of  right  ramus;  natural  size.  A, 
the  same;  X2.  B,  oblique  view  of  a  molar  tooth.  C,  upper  view  of  same.  34 — Put 
of  left  ramus;  natural  size.  A,  the  same;  X2  B,  inner  view  of  two  molars;  X4.  35. — 
Part  of  left  ramus;  natuml  dze.  A,  the  same;  X3.  36. — Part  and  impres^on  of  right 
ramus;  natural  size.  A,  the  same;  X3.  B,  upper  view  of  two  fractured  molars;  X3. 
37. — Part  and  impiesuon  of  the  same  ramus  in  the  counterpart  slab  ol  matrix;  natural 
size.    A,  the  same;  X3.    38.— Left  ramus;  natural  uze.    A,  the  same;  X3. 
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FlC.  24.  LowTK  Jaws  of  Mmacodon  rarus  and  Tinodon  belhis,  niou  THE  Morrison 
FoKMATioN  (Upper  Jurassic).    After  Marsh 

1. — Ueiutcodon,  left  mandibular  ramus,  inner  side.  X3.  2. — The  same,  outer  aide. 
X3.    3. — Tinodon  bdias,  right  mandibular  ramus,  inner  »de.     X3. 

Id  the  arrangement  of  the  cusps  of  the  lower  molars,  these  genera  are  inlennediate 
between  the  primitive  tiiconodonts,  such  as  Amphilczles  and  the  spalacotfaeres,  which 
have  the  three  cusps  arranged  in  a  symmetrical  triangle.  Upon  this  fact  was  based  the 
well  known  hypothecs  of  the  origin  of  the  tritubercular  molar  by  the  "rotation,"  or  cir- 
cumduction, of  the  para-  and  metacones  toward  the  inner  side  of  the  lower  molars. 


:   Jurassic).    After 


a. — Peramus  {Spaiatoihcrium)  minus,  left  ramus,  inner  side.  b. — P.  (Leptoi  hidus) 
diibius,  left  ramus,  outer  side.    c. — P.  tenuiroslris,  left  ramus,  outer  side. 

Also  second  lower  molar  of  Amphilhcrium  fmoslii,  internal  view,  and  second  molar 
of  Peramus  minui. 

The  lower  molars  have  the  asymmetrical  tiigonid,  as  in  most  other  trituberculates 
and  unlike  the  symmetrical  trigonid  of  the  spalacotheret.  The  presence  of  six  pre- 
molars and  three  molars  is  peculiar. 
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The  most  important  objection  to  the  "cu^  rotation"  hypothesis  is 
that,  in  the  far  older  Jurassic  fauna  of  the  Stones&eld  Slate,  the  primi- 
tive tricODodont  and  tritubercular  patterns  were  already  widely 
different  and  were  possessed  by  animals  belonging  to  different  orders; 
the  primitive  triconodonts,  AmpkiUstes  and  Pkascololkerium,  jq^iar- 
ently  belonging  among  the  Marsupialia,  and  having  the  angle  of  the 
jaw  sharply  inflected,  while  the  primitive  trituberculate,  Ampki- 
tkerium,  represented  the  order  Trituberculata,  in  which  the  angular 
process  was  conspicuous  and  not  inflected.  Hence,  if  some  of 
the  so-called  trituberculates  of  the  Purbedc  fauna,  such  as  Spalaco- 
Ikerium  and  its  aUies,  were  derived  from  the  primitive  triconodonts, 
this  does  not  establish  their  status  as  true  Trituberculata,  for  they 
may  have  been  only  Pseudo-trituberculata,  Professor  Osbom  in 
1888  (p.  245)  and  again  in  1907  (p.  8)  suggested  that  the  tritubercu- 
late lower-molar  pattern  may  have  been  derived  more  than  once  and 
in  more  than  one  manner,  viz.:  first,  as  an  upgrowth  of  the  internal 
cingulum  in  the  true  Trituberculata;  secondly,  as  a  result  of  the  in- 
ward displacement  of  the  anterior  and  posterior  cusps  in  the  Fseudo- 
trituberculata. 

Finally,  there  is  no  evidence  that  these  pseudo-trituberculates  of 
the  Upper  Jurassic  were  ancestral  to  any  of  the  better  known  mam- 
mals of  the  later  ages, 

ORDER  TRITUBERCULATA 

Family  Amphitheriidee 

In  the  typical  Purbeck  trituberculates,  as  represented  by  Amblo- 
therium  and  Ackyrodon,  the  asymmetry  of  the  trigonid  is  pronounced. 
The  metaconid  is  now  opposite  the  posterior  slope  of  the  protoconid 
while  the  paraconid,  instead  of  pointing  solely  upward,  is  often 
directed  more  forward  so  as  to  make  a  pronounced  fork  with  the  proto- 
conid. The  incipient  lalonid,  which  is  lacking  in  Spalacotherium,  also 
now  bears  a  rather  prominent  low  projection,  the  homologue  of  the 
enloconid  of  later  mammals.  Thus  in  these  genera  the  lower  teeth 
represent  an  advance  upon  the  more  primitive  type  seen  in  AmpH- 
tkerium  of  an  older  horizon.  Their  lower  jaw  agrees  in  essentials  with 
that  of  Amphitlterium,  since  it  has  a  well-delined  angular  process 
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and  is  therefore  of  the  primitive  placental  type.  In  Amblolherium 
musteluia  the  jaw  is  stouter,  the  ascending  ramus  is  broader,  its 
coronoid  border  is  more  vertical,  and  its  condyle  is  at  a  higher  level 
above  the  alveolar  border,  recalling  the  conditions  in  Amphilherium; 
while  ia  Amblotherium  soricinum,  the  ascending  ramus  is  narrower, 
its  coronoid  border  more  sloping,  and  the  condyle  set  at  a  lower 


Fig,  26.  Lower   Jaws 


OF  AmUolktriitm,*  from  the   Purbeck    Formation,   Uppex 
Jurassic,    After  Owen 

I. — Right  ramus  ol  Amblolherium  soricinum;  natural  sbe.  A,  the  same;  X3.  B, 
third  molar;  X6.  This  view  shows  the  paraconid  (c),  the  high  protoconid  (o),  the  meta- 
conid,  and  the  low  small  talonid  (s),  2. — Right  ramus  of  Amblolherium  musltlula;  nat- 
nial  uz«.    A ,  the  same;  X3. 

This  jaw,  as  figured,  differs  widely  from  that  of  Amblolherium  soricinum  and,  perhaps, 
represents  a  more  aggressive  carnivorous  member  of  the  Amphitheriidie. 

level.  These  differences  are  perhaps  correlated  with  equal  differences 
in  food  habits,  A.  musUlula  possibly  being  carnivorous  and  A. 
soricinum  more  insectivorous.  The  dental  formula  of  the  latter, 
Ij  Cy  Pt  M  J  is  similar  to  that  of  Amphilherium,  I^  C^  P^  Mj.  The 
indsors  are  gently  procimibent  and  slightly  spatulate;  the  canine, 
erect.    The  premolars  increase  in  size  from  the  very  minute  Pi  to 

•See  p.  xiii. 
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the  large  erect  P4  which  has  a  recurved  apex  of  pierdng  and  prick- 
ing type.  The  molars  increase  in  aze  posteriorly,  the  first  being  quite 
miall.  Somewhat  similar  but  less  pronounced  characters  may  be 
observed  in  the  older  AmpMtherium  and  in  many  of  the  contem- 
porary  trituberculates  of  the  Purbeck  beds. 

For  the  purposes  of  this  discussion  the  genera  AmphUfKrium, 
Achyrodon,  Peraspalax  and  perh^)s  Peralestes  described  below,  may 
be  referred  to  the  family  Amphithetiidse  of  Owen,  which,  together 
with  the  StylodontidEE,  constitute  the  order  Trituberculata  of  Osbom, 
the  Pantotheria  of  Marsh. 

In  America  the  AmphitheriidK  appear  to  be  represented  in  the 
Morrison   formation  by  the  genus  Paurodon  of  Marsh.    In  this 


mm^. 


F.C.  27.  Past  of  Left  MANDiBtii-Ait  Rauds  or  Paurodon  valens,  from  ise  Mokbison 

FoKUATioN  (Uppeb  Jitsassic)  of  Wvouinc.    X3.    Fbom  Osbobn,  aftes 

Maksh 

In  this  gcDus,  as  in  certain  other  Jurassic  tritulieiculates,  (e.g.,  Achyrodon),  the  inner 

cui^  (para-,  meta-,  and  entoconids)  look  as  if  they  might  have  grown  up  from  the 

internal  cingulum.    The  number  of  post-canine  teeth,  six,  is  the  lowest  in  any  Juruuc 

trituberculate.     The  jaw  is  remaTlubly  short  and  deep. 

lower  jaw,  as  figured,  the  molars  approach  those  of  Peraspalax  Owen 
in  the  asymmetrical  arrangement  of  the  trigonid,  in  which  the  meta- 
conid  is  opposite  the  posterior  slope  of  the  protoconid,  and  the  basal 
^ur,  or  talonid,  is  well  defined.  If  the  high,  erect  tooth  in  the  ante- 
rior part  of  the  mandible  is  really  a  canine,  then  Paurodon,  as  its 
name  implies,  has  a  reduced  number  of  post-canine  teeth,  the  pre- 
molars and  molars  being  only  six  in  number.  If  this  is  the  fact, 
Paurodon  would  perhaps  have  to  be  made  the  type  of  a  distinct 
family,  but  before  this  is  done  it  should  be  ascertained  whether  the 
large  erect  tooth  is  not  the  posterior  premolar  (pi).  In  this  genus,  as 
well  as  in  the  Amphitheriida;  of  Europe,  the  para-  and  metaconid  and 
the  internal  tip  of  the  talonid  or  entoconid  suggest  derivation  from 
the  internal  cingulum;  but,  as  before,  no  decisive  evidence  is  available. 
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ORDER  TRITUBERCUIATA 

Family  Stylodontidfe 

The  family  Stylodontidffi  is  represented,  in  Europe,  in  the  Purbeck 
Beds,  by  the  genus  Slylodon  and,  in  America,  by  the  genera  Stylacodtm, 
Aslkenodon  and,  perhaps,  by  Dryolestes  and  Laodon.  In  the  first 
three  genera  the  molar  teeth,  as  seen  from  the  outside,  form  narrow, 


Fig.  28.  Lower  Jaws  of  Slylodon,'  pbom  the  Pukbeck  Formation.  After  Owen 
17. — Slytodon  pusillus,  fore  part  of  left  ramus;  natural  sue.  A,  the  same;  Xi.  15 
—Slylodon  pusUiui,  hind  part  of  left  ramus;  natural  size.  A,  the  same;  X3.  l.^Sly 
lodon  robuslits,  left  ramus;  natural  size.  A,  the  same;  X3.  2.— Slylodon  pusillus,  left 
nunus;  natural  size.  A,  the  same;  Xi;  showing  the  forward  inclination  of  molars  5,  6, 
7.    3.— Slylodon  pusillus,  left  ramus;  natural  size.     A,  the  same;  X3. 

This  genus  represents  an  advanced  sptecialization  for  insectivorous  or  vennivoroua 
habits. 

high,  sharply-pointed  columns  (Slylodon  =  column  tooth)  which,  by 
analogy  with  certain  living  insectivores,  were  adapted  for  piercing  the 
shells  of  insects  and,  perhaps,  for  holding  and  piercing  the  writhing 
bodies  of  worms.  These  molars  contrast  with  those  of  the  Amphi- 
theriidae,  first,  in  the  extreme  anteroposterior  narrowness  of  their 
tips;  secondly,  in  the  presence  of  pronounced  interspaces  between  the 
molars  which  are  not  interrupted  by  any  basal  expansion,  or  talonid,* 

•See  p.  Jiiii. 
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but  continue  down  between  the  roots  to  the  alveolar  border;  tlurdly,  in 
the  extreme  anteroposterior  shortness  of  the  molars,  which  brings 
the  anterior  and  posterior  roots  so  close  together  that,  from  the  out- 
side at  least,  they  appear  to  be  coalesced.  From  the  inner  side,  as 
%ured,  they  can  be  barely,  if  at  all,  dlEFerentiated;  while  in  the 
Amphitheriidae,  the  two  main  roots  of  each  molar  are  widely  sepa- 
rated, especially  on  the  inner  aspect  of  the  jaw.  Fourthly,  the  hori- 
zontal ramus  in  most  cases  is  very  slender,  although  Stylodon  robustus 
forms  an  exception  to  this  rule.  The  dental  formula  I,  C^  V,  Mf:^, 
differs  from  that  of  the  Amphlteriidse  only  in  the  slightly  greater 
number  of  the  molars,  but  it  must  be  remarked  that  certain  genera 
are  referred  to  the  Amphitheriidffi  {Ackyrodon,  Peraspalax)  in  which 
there  are  also  seven  or  eight  molars.  Significant  agreement  is  found 
not  only  in  the  dental  formula  but  also  in  the  presence  of  a  distinct 
angular  process  on  the  mandible,  of  a  pedunculate  condyle,  and, 
especially,  in  the  characters  of  the  premolars,  which  retain  the  primi- 
tive two  roots  and  increase  rapidly  in  size  from  pi  to  p.,  so  that  the 
premolars  of  Stylodon  and  DryoUsUs  are  similar  to  those  of  Amblo- 
tkerium,  Peralesles  and  Ackyrodon.  The  lower  molars  of  Laadon  and 
Dryolestes,  as  figured,  are  essentially  similar  to  those  of  Peraspalax, 
Peralesles  and  Ackyrodon  of  the  Amphitheriidie.  Therefore,  it  seems 
safe  to  infer,  from  the  construction  of  the  lower  jaw  and  lower  molars, 
that  the  Stylodontidce  represent  a  structural  advance  upon  the 
Amphitheriidae,  leading  towards  extreme  insectivorous  adaptations. 
Possibly  some  of  the  less  speciaKzed  members  of  the  Stylodontidje 
might  have  given  rise  to  the  zaiambdodont  Insectivora  of  the  Paleo- 
cene  and  later  epochs,  but,  in  the  absence  of  real  connecting  links, 
such  an  inference  could  be  at  most  provisional;  because  this  hi^, 
styloid,  sharply-pointed  type  of  lower  molars  has  apparently  been 
evolved  independently  in  the  marsupials  and  placentals.  The  Stylo- 
dontida;  differ  from  the  later  insectivorous  mammals  tn  having  a 
large  number  of  molars,  all  of  relatively  small  size;  but  this  is  pos- 
sibly a  primitive  character  and  the  reduction  of  the  molars  in  the 
later  placentals  is  very  probably  secondary.  The  Stylodontidae, 
therefore,  tell  us  nothing  decisive  about  the  origin  of  the  tritubercular 
type  of  lower  molar.  They  merely  exhibit  an  early  specialization  of 
that  type,  probably  derived  from  the  more  primitive  conditions  seen 
in  the  Amphitheriids. 
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UPPER  MOLARS  OF  PURBECK  TRITUBERCULATA 

Up  to  this  point  I  have  purposely  omitted  a  discussion  of  the 
upper  molars  because  the  classification  and  relationships  of  these 
famihes  must  first  be  worked  out  on  the  lower  molars,  and  because 
of  the  uncertain  systematic  position  of  one  of  the  upper  molar  types 
now  to  be  described. 

Kurtodon 

In  the  Purbeck  Beds  there  are  only  two  types  of  upper  molars 
known  which  may  be  assigned  to  the  order  Trituberculata.  One  of 
them,  referred  to  Stylodtm  by  Owen,  was  made  the  type  of  a  new 


Fig  29.  Left  Preuaxilla  and  Maxilla  of  Stylodtm  pusiUus  frou  the  Purbeck 
Formation  (Upeer  Jurassic).    After  Owen 

14. — Natural  size.  A,  the  same;  X4.  B,  crown  view  of  sixth  and  seventh  molais; 
X3. 

In  this  genus,  as  in  all  other  trituberculates,  the  main  tips  of  the  molars  appear  to 
be  serially  homologous  with  those  of  the  premolars. 

genus,  KuTlodon,  and  of  a  new  family,  Kurtodontidae,  by  Osbora, 
who,  however,  afterward  (1888.2)  recognized  that  Kurlodon  belongs 
in  the  Stylodontid^.  The  material  consists  only  of  a  minute  alveolar 
process  and  premaxilla,  13  mm.  long,  exposed,  it  is  said,  on  the 
Ungual  side.  The  molars  are  very  wide  transversely  and  short  an- 
teroposteriorly.  Thus,  they  consist  of  a  narrow  V-shaped  crown 
with  the  high  apex  on  the  lingual  side.  The  surface  of  the  crown  is 
apparently  worn  off,  but  bears  a  narrow  low  ridge  running  transversely 
from  the  internal  apex.  The  dental  formula  includes  one  canine, 
four  premolars  and  seven  molars,  and  is  apparently  the  same  as  in 
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Siylodon  pusiUus  and  in  the  American  genus,  Dryolestes,  mentioned 
above.  The  fourth  premolar  is  much  larger  than  the  first  molar,  as  is 
iisually  the  case  in  Mesozoic  trituberculates.  As  figured,  it  sug- 
gests in  every  way  the  corresponding  lower  tooth  of  S.  pusiUus,  as 
also  does  the  third  premolar.  The  canine  is  large,  directed  down- 
ward and  somewhat  backward. 


fA.^.K^ 


Fic.  30.  Uppsr  AMD  Lower  Molars  of  Certain  Tkitobercolates  raoii  the  PusbeCK 
FoRUATio.v  {Upper  Jurassic).  After  Osborn.  All  Much  Enlarged 
A,—Styhdon  {Kurlodan)  pusiUus,  left  upper  molars,  crown  view,  b.— Right  lower 
molars  of  AmMolheriiim  saricinum,  crown  view,  b',  a  left  lower  molar  of  Amblelherium 
{Ptraspdlay)  laipoides,  outer  side,  showing  the  protoconid,  paraconid,  and  entoconid 
c. — .\  right  lower  molar  of  the  same  species,  viewed  obliquely  from  above,  showing  the 
asymmetrical  Irigonid,  with  oblique  anterior,  and  directly  transverse,  crests;  and  the  in- 
cipient talonid  bearing  the  low  entoconid.  d. — A  right  lower  molar  of  Ackyrodon  nanut, 
crown  view  showing  the  worn  transverse  crest  connecting  the  protoconid  with  the 
metaconid. 

Dryolestes 

From  the  Morrison  formation  of  America  there  are  two  sets  of 
upper  teeth  of  Dryolestes  figured  by  Osborn  which  resemble  Osbom's 
later  figure  of  the  Kurtodon  type  (1907,  p.  26)  in  many  important 
characters;  and,  as  they  are  probably  associated  with  lower  molars 
referred  to  the  Stylodontidie,  they  tend  strongly  to  support  Owen's 
original  conclusion  that  the  Kurtodon  upper  molars  belong  with,  or 
near,  the  Stylodon  lower  molars. 
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The  Dryolesies  upper  molars  are  separated  on  the  inner  side  by  tri- 
angular spaces  for  the  reception  of  the  trigonids  of  the  lower  molars. 
This  interlocking  of  the  lower  molars  with  the  spaces  between  the 
upper  molars  is  a  fundamental  relation  in  all  primitive  tritubercular 
dentitions.  Attention  was  so  long  directed  solely  to  the  question  of 
the  homolf^y  and  origin  of  the  several  cusps  of  the  primitive  trigon, 
that  the  importance  of  the  interlocking  relation,  the  trigonids  fitting 
into  the  spaces  between  the  upper  molars,  was  not  at  first  fully  ap- 

Extcnml  or  maxillary  idat. 


w 
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Palatal  or  internal  sUk. 
Fig.  31.  Ufpeb  Molars  of  Dryolesies  sp.,  a  Trituoerculate  from  the   Moi 
Formation  (Upper  Jurasstc),    Greatlv  E.'jlahced.    After  Osbob\ 
From  specimens  in  the  Yale  University  Museum, 

A. — Left  mixilta.    B.^Right  maxilla.    The  cusps  marked  "pr"  (protocom 
probably  homologous  with  the  tips  of  the  premolars,  and  wilb  the  para-  and 
of  later  mammals.     These  molirs  consist  only  of  the  primary  tiigon.     See  p.  S6. 

predated.  In  Dryolesies,  as  in  other  primitive  tritubercular  denti- 
tions, no  cusps  of  the  triangular  upper-molar  crown  could  have  articu- 
lated in  vertical  opposition  with  any  cusps  of  the  lower  molars.  The 
sharp  sides  of  the  upper  molars  sheared  past  the  sides  of  the  trigo- 
nids and  therefore  served  as  cutting  blades.  The  protoconids  of  the 
lower  molars  certainly  did  not  articulate  with  any  upper  cusp,  but 
fitted  into  the  buccal  part  of  the  triangular  spaces  between  the  upper 
molars.  So,  too,  the  high,  pointed  internal  apex  of  the  upper  molars 
fitted  chiefly  into  the  spaces  between  the  trigonids  of  the  lower  molars. 
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The  basin-like  surface  of  the  upper  molar  crowns,  although  worn  in 
both  Dryokstes  and  Kurlodon,  was  not  so  worn  by  articulation  with 
any  part  of  the  lower  molar  crowns,  but  by  attrition  with  food.  It 
is  indeed  a  fundamental  principle  deduced  from  the  observed  occlu- 
sion of  upper  and  lower  teeth  of  many  later  mammals,  that.  In  primi- 
tive tritubercular  dentitions,  the  upper  and  lower  triangles  (trigon'"  and 
trigonid)  do  not  articulate  vertically  with,  but  shear  past,  each  other, 
and  that  their  summits  are  worn  by  attrition  with  food  and  not  by 
articulation. 

In  the  lower  molars  of  DryoUstes  there  is  a  small  talonid  spur  on 
the  lingual  side,  the  outer  side  of  which  sheared  past  the  inner  side 
of  the  apex  of  the  upper  molars.  The  upward  movement  of  these 
talonid  spurs  was  apparently  checked  by  an  incipient  cingulum-like 
basal  spur  on  the  Inner  side  of  the  upper  molars,  as  figured  by  Osbom. 


Fio.  32.  Probable  Occlusal  Relations  ot  Upper  and  Lower  Molars  or  Dryolata 
The  upper  molar  crowns  comprise  only  the  primary  trigon 

The  homology  of  the  internal  apex  of  the  upper  molars  of  Dryolestes 
has  been  disputed.  Osbom  (1904,  1907,  p.  217)  claimed  that  it  was 
homologous  both  with  the  "apex  of  the  original  reptilian  cone"  and 
with  the  "protocone"  of  later  tritubercular  dentitions.  Gidley  (1906), 
held  that  the  cusp  in  question  represented  a  secondary  extension 
from  the  inner  sides  of  the  upper  molars  analogous  with  a  similar 
internal  extension  of  the  premolars  of  later  mammals.  For  the 
reasons  stated  below  (p.  59)  it  now  appears  that  the  internal  apex 
of  the  Dryolestes  molars  is  homologous  with  the  "apex  of  the  original 
reptilian  cone"  but  not  with  the  "protocone"  of  later  mammals. 

PeralesUs 

A  second  type  of  trituberculate  upper  molars  from  the  Purbeck 
Beds  is  afforded  by  the  alveolar  process  described  by  Owen  as  Pera- 
lestes  longirostris.    The  upper  molars  of  this  genus  differ  widely  from 

"The  prmary  trigon  (see  pp.  liii  and  106). 
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those  of  the  Kurlodon  and  Dryoksles  type.  Instead  of  being  very 
naiTow,  transversely  extended  and  anteroposteriorly  shortened,  each 
upper  molar  in  crown  view  shows  a  wide  asymmetrical  triangle  with 
very  high  internal  tip  and  low  anteroextemal  cusp  connected  with  a 


Flo.  33.  Upper  and  Lowek  Moiaks  of  Fcralesla  and  Ot&eb  Pdkbeck  Tritubercu- 
LATES.    Atteb  Owen 

3. — Right  maxilla  of  Peraiesles  langiraslris;  natural  size.  A,  the  same;  X3.  B,  ctoito 
view  of  upper  molars.  4. — Left  mandibular  ramus,  referred  by  Owen  to  Ptralesia 
Umgirosira;  natural  size.  A,  the  same;  X3.  In  this  drawing,  only  the  internal  cusps 
of  the  molars  (para-,  meta-,  and  entoconids)  are  shown  the  protoconids  being  prob- 
ably hidden  in  the  matrix.  5. — Left  mandibular  of  Achyrodon  nanus;  natural  size.  A, 
the  tame;  X  3.  9.^Left  mandibular  ramus  of  Peraspolax  latpoida;  natural  sixe.  A, 
the  same;  X3  B,  sixth  and  seventh  lower  molars,  lingual  dde;  X4.  e,  paraconid;  n, 
metaconid;  c,  piotoconid;  s,  entoconid  (incipient  talocid). 

The  very  a^Tametrical  trigon  and  high  apices  of  the  upper  molars  of  Peraleslei  sug- 
gest that  someirhat  ^milar  conditions  would  be  found  in  the  lower  molars,  as  in  the 
(But  see  the  note  by  Dr.  Matthew  on  p.  riii.) 
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{K^HXHinced  dtemal  dnguhnn.  and  a  tlind  pnanjneDt  casp  oa  the 
posmoextmial  slope  «  the  hi^  intonal  ca^ia.  As  vc  pass  forward, 
the  high  iatemal  cii£{s  ot  the  iw^ais  are  cenainly  faamologoDS  with 
the  son  hi^KT  apex  oi  the  fourth  prenMdar.  the  moUis  and  the  pre- 
st^ais  being  stqqtmted  by  two  widely  separated  toots  ananged 
anrempoEteiMxh-.  as  are  the  mots  (M  the  Vmt  check  teeth  in  the 
A^npUihoiidf . 

Owen  plate  II.  eg.  4  »=«tiriatpH  th^c  Jippa  teeth  of  Ptralesles 
wiib  a  certain  lowo-  jaw  which  C^bcxn  lEJerml  to  Pbascaiata;  but 
b?-Oi  Owen  and  O^bmn  agree  in  aissodaiii^  the  n{:(>a'  molazs  of  Pera- 
Usits  with  lower  mc^ars  which  the  preent  wntcr  wooU  refer  to  the 
A=pfcitbemdc  ia  its  wider  sen^e.  in  coDDast  with  the  groiqt  here 


:  ^  =>.~u.*;  4»  •cf^vT  ^^ccu-fOEi  *^  dnse  «i  the 


dZiid  5~J:o:ct5ie.  ■miiir-Ji  in?  <iisuii|rj£shed  by  thexr  vhv  nanow 
noiars-  L;  hb  z<ix  oc  ifce  ""  E\-oi-urioQ  ot  maTT^rn-^ft*"  motar  terth." 
ccviTiz.  Pr:cTS=-:c  •^■iOvCTi  referrtc  Piir^^xs  pcoxTaotuily  to  the 
SpaJiii^riiKriiE  ii:tiz  wii  -Jie  lower  teeth  ciQed  PhuaUstes. 
Arier  iC:irri=2  :^  tiH-kis  ir-iKS  by  Osfaom  iM  Owen.  I  betinc 
rbi:  ''.•^jzzz.' i  -iarf-^  jccii-:^  *3j  =:ore  nearly  ridit,--  and  that  Ptwa- 
^sx:  wiii  h=  '-;- — ."-^.-Ti'  t:.!^.  tridHiuLir  -.ippier  ctowtb  icpie- 
icj  ire  :::c«r  ien'^'itc  ■:;  rirci-e  o:  the  .Xi^pfcitheriKir.  especially 
J'.-yrir«i«.-  ir  ■t-T'^  :Li:  ''.'ViJi  -wis  rizh:  iii  rcferriiLZ  :c»  Persiesia  the 
iow^r  ^T  kj:"*^  zl  Hi  P^:e  EI.  £t.  4. 

P-iTLy.T^.r..  iher^f  ;r;.  izcear:  tj  re  j.  z:<=:ber  o:  ie  ,\=^)fiithernd». 
inti  ::  :ra.y  ifT-  ia  aiiz*  aia  -st  the  iSEenl  ippeirano?  oc  the  qfwr 
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molars  of  the  older  Ampkitkerium,  but  was  probably  somewhat  more 
specialized.  It  strongly  supports  the  view  that,  in  the  Mesozoic 
Trituberculata,  the  tips  of  the  upper  protocones  were  serially  homol- 
ogous with  the  tip  of  the  posterior  premolar.'^  This  conclusion,  in 
turn,  is  in  line  with  the  conclusions  of  the  "premolar  analogy"  theory 
based  on  studies  of  later  mammals.  Assuming  for  the  moment  the 
correctness  of  this  view,  the  tips  of  the  upper  molars  of  PeraUstts,  as 
well  as  those  of  Dryolestes,  are  to  be  regarded  as  homologous  with  the 
paracones  and  not  with  the  protocones  of  the  molars  of  later  mam- 
mals. In  1916  I  pointed  out  the  resemblance  between  the  uj^er 
teeth  of  Peralestes  and  the  deciduous  teeth  of  the  polyprotodont 
marsupials,  and  suggested  that  the  high  internal  cusp  is  homologous, 
not  with  the  protocones,  but  with  either  the  para-  or  metacones  of 
marsupials. 

ORDER  TRITUBERCULATA 

Family  Diplocynodontidce 

Of  the  Upper  Jurassic  mammals  there  remains  to  be  considered  a 
peculiar  and  aberrant  family,  the  DiplocynodontidEe  or  Dicrocyno- 
dontidx,  from  the  Morrison  formation  of  Wyoming.  The  upper 
molars,  as  figured  by  Gidley,  have  a  high,  compressed,  external  cusp 
and  a  large,  highly  peculiar,  internal  cusp,  connected  with  the  prin- 
cipal external  cusp  by  a  low  transverse  ridge.  The  inner  cusp  is 
greatly  expanded  anteroposteriorly  at  the  base,  both  its  anterior  and 
its  posterior  buccal  surfaces  bearing  deep  fosste  for  the  reception  of 
lingual  cusps  of  the  lower  molar  trigonids.  These  strange  upper 
molars,  which  might  possibly  be  derived  from  a  Peralesles-)i)i% 
pattern,  are  very  doubtfully  referred  to  the  same  family  with  lower 
jaws,  of  the  type  called  Docodon  by  Marsh.  Gidley  pointed  out  the 
apparent  homologies  of  the  several  parts  of  the  upper  molars  of 
Diplocyttodon  with  those  of  Dryolestes;  on  the  other  hand  the  sup- 
posed lower  dentition  of  the  Diplocynodonts,  distinguished  by  the 
large  size  and  oblique  form  of  the  trigonids,  indicates  ordinal  rela- 
tionships with  Peralestes  among  the  Amphitheriida;.  After  many 
attempts  I  have  failed  to  find  a  satisfactory  solution  of  the  problem 
of  the  articulating  relations  of  the  upper  and  lower  molars  of  this 

"See  p.  liv  (5). 
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famUy  and  until  this  is  achieved  the  homolt^es  of  the  several  parts, 
and  the  supposed  association  of  upper  and  lower  molars,  remain  in 
doubt. 

To  summarize,  the  ui^r  as  well  as  the  lower  molais  of  these  upper 
Jurassic  trituberculates  already  exhibit  considerable  diveisi^  in  form. 
Some,  e.g.,  Kurtodon,  Dryolesles,  suggest  the  narrow  tritubercular 
type  of  Noloryctes  among  living  marsupials,  but,  in  view  of  the 
plasticity  of  the  mammalian  dentition,  it  would  not  be  safe  to  regard 


Fig.  35,  Two  Upper  Molabs  or  Dkrocynodon  sp.,   Morrujon   Formahon   (Dpfh 
Jurassic).    X6.    After  Gidley 


them  as  directly  ancestral  to  that  genus,  which  appears  to  be  con- 
nected rather  with  the  other  polyprotodont  marsupials.  The  second 
type  of  upper  molars,  those  of  Peralesles,  in  some  resf>ects  foreshadows 
the  upper-molar  patterns  of  the  opossums  and  other  polyprotodonts, 
but  here  again  there  are  no  intermediate  links  tending  to  connect  the 
two.  The  third  type,  Diplocynodon,  may  well  represent  a  peculiar 
line  of  specialization,  the  members  of  which  became  wholly  extinct. 
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SuiouRY  AND  Defense  of  the  PRmrrrvE  Characters  of  the 
Lower  Jurassic  AuPHiTHERruM 

As  a  whole,  both  the  upper  and  lower  molars  afford  very  strong 
evidence  for  the  view  that,  in  the  Jurassic  trituberculates,  the  main 
tips  of  the  molars  were  homologous  with  those  of  the  premolars. 
The  Purbedt  genera  may  all  represent  specializations  from  the  primi- 
tive Ampkitherium-hke  type,  but  by  themselves  they  tell  us  little 
about  the  origin  of  the  tritubercular  type,  unless  one  is  willing  to 
admit  without  evidence  the  hypothesis  that  the  primitive  Lower 
Jurassic  Amphitheriids  are  descendants  of  unknown  earlier  Spalaco- 
theriidx,  the  lower-molar  pattern  of  which  was  by  hypothesis  derived 
through  the  circumduction  of  the  anterior  and  posterior  cusps  of  a 
primitive  Pkascolotkerium-^e  triconodont. 

We  have  now  to  consider  in  conclusion  a  possible  objection  to  the 
view  that  the  Lower  Jurassic  trituberculates  are  really  primitive  and 
structurally  ancestral  to  later  trituberculate  mammals.  It  is  pos- 
sible to  argue  that  the  known  Jurassic  faunae,  coming  as  they  do  from 
two  or  three  extremely  limited  locahties,  represent  only  a  fraction 
of  the  mammalian  life  of  that  epoch;  that  they  belong  only  in  the 
swamp  or  lowland  fauna  associated  with  the  giant  reptiles;  and  that 
such  faunae  usually  consist  of  the  more  degenerate  or  aberrant  rela- 
tives of  the  more  primitive. faunae  of  the  uplands,  which  in  this  case 
have  been  entirely  wiped  out.  From  this  point  of  view  many  of  the 
characters  here  regarded  as  primitive,  such  as  the  small  size  of  the 
talonid  and  the  high  number  of  post-canine  teeth,  would  be  under  the 
suspicion  of  being  secondary,  not  primitive.  Against  such  an  argu- 
ment I  would  advance  the  following  considerations: 

(1)  The  considerable  number  of  genera  represented  in  the  Purbeck 
trituberculates  is  favorable  to  the  probability  that  some  of  them 
will  be  more  primitive  in  certain  characters  than  others,  that  is,  will 
preserve  more  of  the  characters  of  their  hypotietical  ancestors  of  the 
uplands. 

(2)  If  it  be  admitted  that  the  Styiodontidas,  with  high,  narrow 
molars,  are  relatively  specialized,  it  seems  that  Amblotkerium  sori- 
cinum  is  a  more  primitive  member  of  the  Purbeck  trituberculates, 
which  has  apparently  inherited  many  characters  from  a  much  older 
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form  like  Amphilherium  of  the  Stonesfield  Slate  (Lower  Jurassic), 
such  as  the  following:  lower  incisors  four,  semiprocumbent;  canine 
erect,  caninifomi,  with  more  or  less  division  of  the  fang;  lower  pre- 
molars four  (but  probably  five  in  Ampkitherium),  with  simple,  conical 
crowns,  incipient  talonid  and  two  roots;  the  last  premolar  high  and 
projecting  above  the  level  of  the  molars;  lower  molars  six,  trituber- 
cular,  with  incipient  talonid;  lower  jaw  with  a  wide  coronoid  process, 
ascending  at  a  low  angle;  condyle  lower  than  in  typical  later  mam- 
mals, angular  process  of  mandible  book-like,  not  inflected;  Meckelian 
groove  of  jaw  pronounced;  diet  prevailingly  insectivorous;  size  much 
smaller  than  the  average  size  of  later  mammals. 

(3)  The  conclusion  that  at  least  most  of  the  foregoing  are  primitive 
characters  rests  upon  the  direct  evidence  cited  in  the  preceding  pages 
and  in  the  writer's  opinion  outweighs  the  negative  objection  noted. 
Although  members  of  swamp  faunas  are  specialized  in  certain  features, 
this  is  often  not  inconsistent  with  their  retaining  many  primitive 
characters,  as  in  the  case  of  certain  stegocephs  and  primitive  reptiles. 

(4)  Of  the  characters  listed  abo\e  as  primitive  for  Amblotherium 
and  Amphiliterium,  perhaps  the  only  one  requiring  special  defense  is 
the  high  number  of  post-canine  cheek  teeth.  In  all  reaUy  primitive 
marsupials  and  placentals  of  later  ages  this  never  exceeds  seven, 
while  in  Amphilherium  it  is  eleven.  It  has  been  shown  above  that  in 
the  very  primitive  triconodont  Ampkilesles,  of  the  Stonesfield  Slate, 
there  are  ten  post-canine  teeth,  while  in  the  specialized  Triconodon 
of  the  Purbeck  there  are  but  seven,  or  at  most  eight.  The  reduction 
in  the  number  of  molars  from  five  to  three  is  at  least  accompanied, 
if  not  caused,  by  a  marked  increase  in  the  anteroposterior  diameter 
of  the  individual  teeth.  So,  too,  in  the  primitive  marsupials  and 
placentals  of  later  ages,  in  which  the  number  of  lower  molars  is  re- 
duced to  three,  each  of  these  molars  is  elongate  anteroposteriorly, 
due  partly  to  the  great  expansion  of  the  taionids,  so  that  three  wide 
molars  occupy  as  much  space  in  the  jaw  as  did  the  six  narrow  molars 
of  Amphiilierium.  In  the  opposite  direction,  a  marked  increase  in 
the  length  of  the  jaw  affords  opportunity  for  a  secondarily  increased 
number  of  small  molars,  as  in  Myrmecobius  and  perhaps  also  in  the 
stylodonts,  where  the  molars  are  sometimes  as  many  as  nine  in 
number. 
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The  writer's  general  conclusion  is  that  although  the  Lower  Jurassic 
Atnpkitkerium  may  well  be  ancestral  to  the  specialized  stylodonts  of 
the  Upper  Jurassic,  it  is  at  the  same  time  an  exceedingly  primitive 
mammal,  which  may  be  assumed  provisionally  as  structurally  ances- 
tral to  the  placentals  and  perhaps  also  to  the  marsupials  of  later 
ages.  Thus,  it  represents  a  remote  stage  in  the  evolution  of  the 
human  dentition. 

V.   THE  LATE  MESOZOIC  MAMMALS  (UPPER 
CRETACEOUS) 

Between  the  Upper  Jurassic  of  the  Purbeck-Morrison  fauna  and 
the  next  known  mammalian  fauna  of  the  "Laramie,"  or  Upper  Cre- 
taceous, of  North  America,  there  is  a  vast  hiatus  in  the  record  repre- 
senting millions  of  years  of  slow  evolution,  during  which  time  the 
highly  diversified  reptilian  orders  dominate  the  geological  record  to 
the  exclusion  of  the  mammals. 

TTie  scarce  mammals  of  the  Upper  Cretaceous,  the  contemporaries 
of  the  last  of  the  dinosaurs,  afford  two  radically  different  general 
types  of  dentition,  which  have  been  described  by  Cope,  Marsh, 
Osbom,  Gidley  and  Matthew:  the  first  represents  the  later  stages  of 
the  Multituberculata;  the  second,  several  modifications  of  the  tri- 
tubercular  type  of  molars. 

ORDER  MULTITUBERCULATA 

Family  Poljrmastodontidse 

The  multituberculates,  represented  by  Meniscoessus  {described  by 
Cope  and  by  Osbom),  enter  a  side  path  of  evolution  in  which  the 
upper  molars  tend  to  acquire  three  rows  of  cusps.  The  compressed 
and  grooved  lower  premolar  is  not  so  large  or  elongate  anteroposteri- 
orly  as  it  is  in  the  typical  Plagiaulacids,  a  stage  foreshadowing  the 
great  reduction  of  this  tooth  in  the  polymastodonts  of  the  succeeding 
Paleocene. 
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ORDER  MARSUPIALIA,  SUBORDER  POLYPROTODONTIA 

Family  Cimolestids 

The  trituberctdar  molars,  according  to  Matthew  (1916),  bdong  to 
small  ix>[>'protodoDt  marsupials,  some  of  which  (Eaddp/ns  braumt) 
are  closely  related,  or  ancestral  to.  the  modem  i^MJS&ums.  In  the 
lower  jaw  of  this  animal,  the  dental  fonnula,  as  detennined  by 
Matthew  (3.  1.  3.  4).  differs  from  that  of  Dideipkis  only  in  the  pres- 
ence of  three  rather  than  four  indsors.  It  differs  from  that  of  the 
Jurassic  trituberculates  in  the  reduction  in  number  both  of  the  pre- 
molars and  of  the  molars.    But.  while  the  teeth  are  fewer  in  number 


Nawreg 


Fic  36.  Lowes  Jaw  or  Eoddpkh  broicni,  a  Psufrnvz  Opossm  reoif  tkb  Belly 
Rnrzx  Fobvation  (Uppeb  Cbetaceoi's)  op  Albebia.    X3/2.    Afid 

they  are  individually  much  larger  in  proportion  to  the  length  of  the 
jaw,  which  is  also  heavier  than  that  of  the  trituberculates.  The  ani- 
mal itself  is  ver>'  much  larger,  the  jaw  being  about  62  mm.  long, 
while  that  of  Amphtlherium  is  about  25  mm.  long. 

A  progressive  increase  in  size  is  observ-able  in  many  phyla  of  mam- 
mals; and.  in  nearly  all  cases  in  which  the  paLeontological  history  is 
known,  the  earliest  species  of  the  phyla  average  smaUer  in  size  than 
the  later  stages.  Thus  this  extremely  primitive  Upper  Cretaceous 
marsupial  Eodelpkis  is  intermediate  in  size  between  the  primitive 
Jurassic    trituberculates    and    the    largest    modern    polyprotodont 
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Eodelpkis  agrees  with  the  more  primitive  existing  polyprotodonts 
in  having  three  premolars  and  four  molars,  in  contrast  with  the  four 
premolars  and  three  molars  of  primitive  placentals.  Opinions  differ 
so  widely  on  the  subject  of  the  homologies  of  the  premolars  and 
molais  in  marsupials  and  placentals  that  it  would  require  too  long  a 
digression  to  discuss  the  subject.  It  is  not  definitely  known  whether 
the  last  premolar  of  marsupials  is  homologous,  as  it  appears  to  be, 
with  the  last  prMnolar  of  Jurassic  trituberculates  and  with  the  last, 
or  fourth,  premolar  of  placentals.  The  second  and  third  premolars 
of  Eodelpkis,  and  all  the  molars,  are  supported  by  two  main  anterior 
and  posterior  roots,  which  appear  to  be  homologous  with  those  of  the 
Jurassic  trituberculates.  The  premolars  have  simple  compressed 
crowns  with  a  single  tip,  like  those  of  the  modem  opossums.  In  the 
molars,  the  talonids  are  much  better  developed  than  those  of  the  Am- 
phitheriidse,  occupying  the  posterior  moiety  of  the  tooth,  being 
extended  transversely  and  bearing  a  hypoconid  or  posteroexternal 
lower  cusp  in  addiUon  to  the  primitive  entoconid.  In  correlation 
with  the  better  development  of  the  talonids  we  find  that  the  upper 
molars  of  these  Upper  Cretaceous  marsupials  (represented  perhaps 
by  fPediomys  Marsh)  have  widened  internal  cusps  or  protocones, 
which  apparently  now  fit  into  the  basins  or  fossfe  of  the  talonids  of 
the  lower  molars.  This  relation,  which  first  becomes  clear  in  these 
Upper  Cretaceous  mammals,  is  very  characteristic  of  all  primitive 
later  mammals,  and  was  apparently  attained  through  the  upgrowth  of 
the  hypoconids  on  the  outer  side  of  the  talonid  spurs  overlapping  the 
internal  tip  of  the  upper  "protocones."  There  seems  no  reason  to 
doubt  that,  in  the  lower  teeth,  the  tips  of  the  premolars  are  homolo- 
gous with  the  protoconids  of  the  molars;  and,  presumably,  in  the 
upper  teeth,  the  tips  of  the  premolars,  if  known,  would  be  homolo- 
gous with  the  para-  and  metacones  of  the  molars,  as  they  are  appar- 
ently in  living  polyprotodonts. 

The  upper  molars  of  Pediomys,  another  Upper  Cretaceous  marsu- 
pial figured  by  Gidley  (1906),  and  Osbom  (1907),  now  have  two 
well  separated  cusps,  corresponding  to  the  para-  and  metacones  of 
later  mannmals.  The  separation  of  these  two  cusps  is  correlated 
with  the  transverse  widening  of  the  talonid,  and  with  the  upgrowth 
of  a  hypoconid  which  articulates  on  the  surface  of  the  aown  between 
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the  lingual  slopes  of  the  para-  and  metacones.  There  are  now,  also, 
two  small  intermediate  V-shaped  cu^s,  the  proto-  and  metaa>nules, 
located  respectively  on  the  anterior  and  posterior  slopes  of  the  proto- 
cone.  The  appearance  of  these  cu^  was  probably  correlated  both 
with  the  transverse  widening  of  the  talonid  and  with  the  shearing 
action  of  the  trigonid.  The  protoconule  fits  into  the  reentrant 
valley  between  the  posteroexternal  blade  of  the  protoconid  and  the 
crista  obliqua  of  the  talonid.  Similarly,  the  metacomile  occludes, 
and  has  developed  in,  the  space  between  the  posteroexternal  wall  of 


Fic  37.  Upper  a 

Upper  row:  upper  molars,  Protolambda  (d.  Ptdiomyij.  Middle  and  lower  rom: 
upper  and  lower  molars  of  Diddphops  QTUxodon). 

In  some  of  these  Uppier  Cretaceous  marsupials,  the  upper  molai  cusps  that  developed 
from  the  eitemal  dngulum  attained  very  large  size.  The  lower  molars  are  of  the  tubet- 
culo-sectoiial  type,  wiih  high  trigonids  and  well  developed  talonids,  which,  however,  are 
not  as  large  as  those  of  tyjncal  placental  mammals. 

the  hypoconid  and  the  anteroextemal  wall  of  the  paraconid  of  the 
next  succeeding  lower  molar.  The  metaconule,  according  to  Gidley, 
was  already  developed  in  the  Upper  Jurassic  Dryolestes,  vhsK  its 
posterior  side  must  have  been  appressed  to  the  anteroextemal  side 
of  the  trigonid. 

The  upper  molars  of  Pediomys  have  a  large  internal  cusp  or  "pro- 
tocone,"  which  is  pretty  surely  homologous  with  the  "protocone"  of 
modem  opossums.  This,  in  turn,  has  probably  arisen  by  a  lingual 
extension  of  the  base  of  the  crown,  while  the  original  apex  of  the 
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crown,  homologous  with  the  tips  of  the  premolars,  has  apparently 
remained  in  the  middle  of  the  crown  and  is  probably  homologous  with 
the  para-metacone.  Therefore,  the  direct  comparison  of  the  upper 
molars  of  Pediomys  with  those  of  the  Jurassic  trituberculates,  Dryo- 
lesUs  and  PeraUstes,  is  probably  misleading,  since  it  would  lead  one 
at  first  sigjit  to  homologize  the  internal  tip  of  its  crown,  which  is 


Fio.  38.    Tblaodan   podi 


Fragment  of  left  maxilla,  with  CDlarged  posterioi  premolar  and  first  molar;  crown  view 
of  lonret  teeth,  and  left  mandibular  ramus. 

In  this  genus,  the  posterior  premolars  are  enlarged,  with  swollen  tips;  the  upper  molars 
have  swollen  para-  and  metastyles;  the  lower  molars  are  of  the  tubereulo-sectorial  tjpe. 

probably  a  secondary  ingrowth,  with  the  primary  apex  of  the  molars 
of  Dryokstes  and  Peralestes. 

The  upper  molars  of  Pediomys  abo  exhibit  the  strong  development 
of  the  external  cingulum  and  its  cusps,  the  para-,  meso-,  and  meta- 
style,  which  are  foreshadowed  in  the  Jurassic  mammals  and  become 
extremely  developed  in  the  related  Upper  Cretaceous  genus  Thkeodoii. 
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as  well  as  in  many  modem  polyprotodonts.  These  external  dngu- 
Imn  cusps  were  rightly  r^arded  by  Winge  as  being  a  very  ancient 
part  of  the  mammalian  molar  crown. 

The  genus  Thlaodon,  a  contemporary  of  Eoddphis,  is  regarded  by 
Mathew  (1916)  as  a  specialized  phase  of  the  same  family  (Cimo- 
lestidx).  The  jaw  has  become  much  larger,  attaining  an  estimated 
length  of  about  80  mm.  The  posterior  premolars,  both  in  the  upper 
and  lower  Jaws,  have  become  greatly  worn,  and  have  blunt  tips 
somewhat  like  the  crushing  molars  of  sea-otters  and  of  other  denti- 
tions adapted  for  crushing  and  breaking  hard  substances.  The 
upper  molars  exhibit  an  excessive  increase  in  size  of  two  of  the  ex- 
ternal cingulum  cusps,  probably  the  para-  and  metastyle.  The 
lower  molars  are  of  the  modified  tritubercular  type  with  moderatdy 
well  developed  talonid.  The  angular  process  is  inflected  as  it  is  in 
Didelphys  and  modem  polyprotodonts. 

Thus,  these  Upper  Cretaceous  polyprotodont  marsupials,  which,  in 
common  with  the  placentals,  may  have  been  derived  from  the  Lower 
Jurassic  Amphitheriida;,  were  even  in  their  time  widely  separated 
from  the  placentals  and  had  already  developed  a  considerable  adaptive 
radiation  in  the  dentition.  The  more  primitive  members  {Eodd- 
phis) seem  to  be  directly  ancestral  to  the  modem  Didelphiida:  of 
North  and  South  America,  and  were  also  probably  related  to  the 
Upper  Cretaceous  European  and  Asiatic  polyprotodonts  that  were 
ancestral  to  the  later  Australian  members  of  this  group. 

Vr.    THE  ORIGIN  AND  EVOLUTION  OF  THE  MARSUPIALS 
(CRETACEOUS  TO  RECENT) 

The  adaptive  radiation  of  the  marsupials  into  many  Ufe  habits, 
and  into  animals  that  superficially  resemble  placental  mammals  of 
corresponding  habits,  has  been  studied  by  many  naturalists,  espe- 
cially Bensley  (1903),  who  investigated  the  evolution  of  the  dentition 
and  of  the  limbs,  applying  the  principles  and  results  that  had  been 
gained  by  paleontologists  concerning  the  evolution  of  the  dentition 
and  limbs  of  placental  mammals. 

Although  not  in  the  line  of  human  ascent,  the  marsupials  afford 
many  beautiful  examples  of  dental  mechanics  and  of  the  coadapta- 
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t!on  of  the  upper  and  lower  teeth  to  diverse  food  habits,  an  under- 
standing of  which  proves  helpful  in  interpreting  the  evolutionary 
history  of  the  human  dentition. 

The  more  primitive  existing  polyprotodonts  are  the  comparatively 
little-changed  survivors  of  Upper  Cretaceous  marsupials,  and  the 
group  as  a  whole  stands  on  a  lower  evolutionary  plane  than  that  of 
the  placentals.  In  the  northern  hemisphere,  one  family,  the  early 
Tertiary  opossums,  which  were  the  little-modified  descendants  of  the 
Upper  Cretaceous  Eoddphis  and  its  allies,  were  driven  southward 
before  the  advancing  hordes  of  placentals  and  found  an  asylum  in 
the  forests  of  Brazil,  where,  with  few  exceptions,  they  retained  their 
primitive  arboreal  habits  and  the  greater  part  of  their  ancestral 
heritage  in  dentition,  skull  and  skeleton.  One  of  them  {Chironecles) 
became  semi-aquatic  in  habit,  but  retained  its  primitive  carnivorous 
dentition.  Another  South  American  family,  the  Borhy^nidse,  which 
were  probably  also  derived  from  arboreal  ancestors,  early  succeeded 
in  developing  into  a  terrestrial  and  predatory  line  which  closely 
paralleled  the  carnivorous  marsupials  of  Australia  and  some  of  the 
earlier  carnivorous  placentals  of  North  America,  but  were  finally 
crowded  out,  about  the  middle  of  the  Tertiary  period,  by  the  invasion 
of  placental  carnivores.  According  to  Matthew  (1916),  the  primi- 
tive Upper  Cretaceous  marsupials  probably  had  a  wide  distribution 
in  the  northern  continents  which  formed  their  original  center  of  dis- 
persal. After  the  ancestors  of  the  Australian  marsupials  had  reached 
that  continent,  possibly  in  the  early  Tertiary  period,  the  region 
became  severed  geographically  from  the  rest  of  the  world,  and  the 
higher  placentals,  which  were  evolving  in  the  northern  land  masses, 
were  prevented  from  invading  the  Australian  region.  The  marsupial 
stock  was  therefore  free  to  branch  out  in  many  directions  and  take 
advantage  of  the  varied  environments,  in  that  continent,  without 
suffering  severe  competition  from  the  more  advanced  and  progressive 
placentals. 

SUBORDER  POLYPROTODONTIA 

Although  little  is  known  of  their  early  history,  the  living  Australian 
polyprotodonts  exhibit  a  wide  adaptive  radiation  in  the  dentition. 
The  small  Dasyuridae,  in  common  with  the  existing  Didelphidse  and 


(0  WILLIAM.  E.  GKEGOBV 

with  the  Upper  Cretaceous  EoddpUs,  retain  siin|de  triangular  iim>er 
molars  and  tuberculo-sectorial  lower  mtdars.  The  triaagnlar  spaces 
between  the  iiH>er  molars  Fecei\-e  the  tiigomda  oi  the  lower  teeth, 
iriule  the  "protocones."  or  internal  ciups.  fA  the  nppa  molais  fit 
into  the  basin  of  the  takmids  after  the  manner  seoi  in  EoddpUs. 
From  this  insectivorous-canmorous  starting-point  is  de\'doped  a 
specialized  camivotous  adaptation  culminating  in  Tkytacinus  and 
Sarcapkilus,  in  idiidi  the  posterointernal  side  of  the  iqiper  molars 
becomes  de\-eloped  into  a  large  ■rVarjng  blade  directed  more  antero- 


Fifl.  39.  Occlusal  Relation's  or  Upper  as'd  Loweb  Cbeek  Teeth  op  MABsonAU 

(CoifPASE   WITH    [*LATXS   2,  4) 

\.—!ifelafhinu  <a  small  opouum),  with  triluberculaT  upper,  and  tuberculo-sectorial 
Wmh,  molin.  The  trigoods  of  the  lower  teeth  Gt  into  the  interdental  spaces  (rf  the 
U(){)eri  the  central  foH«  of  the  talonids  receive  the  tips  of'the  protocones  of  the  nppen; 
an'l  the  hypoconid  tips  of  the  talonids  fit  into  the  central  (ossz  of  the  uppei^  The  ob- 
lifjue  blades  on  the  antero-extemal  sides  of  the  protoconids  shear  past  the  blades  connect- 
ing the  nwtaoncs  with  the  metastyles;  similarly,  the  transverse  blades  on  the  postero- 
external faces  of  the  pmtoconids  shear  past  those  connecting  the  paracones  with  the 
[laraslyles.    The  hypoconidi  fit  between  the  para-  and  metaconids.     Cf.  fig.  47  (l). 

2.  I'liatfol'irfloi  'Knala).  The  pnraconids  of  the  lower  molars  have  been  lost,  and 
the  remaining  cusps  have  liecome  more  or  less  crescentic  or  V-shaped.  The  talooids have 
wi'lcncl  transversely,  separating  the  para-  and  meUcones;  and  the  pasterointenul  parts 
of  the  up[ier  miliars  have  grown  inward,  filling  up  the  interdental  spaces  and  articulating 
with  the  Ulonids.    U.fii.  47  (2). 

^.  Kellan'i'ui  (Kat-kangaroo).  The  quadrate  upper  and  lower  molars  interlock,  much 
as  do  human  miliars  in  normal  occlusion.  The  loner  molan  have  lost  the  paraconids, 
and  consist  i  hielly  tif  four  main  cusps  arranged  in  t»o  transverse  pairs:  protoconids, 
mtlaconiils,  hy|'"<'mids,  andentocrinids.     d.  fig.  -17  (.1). 
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posteriorly  than  transversely,  and  shearing  past  the  equally  promi- 
nent blade  formed  by  the  enlarged  para-  and  protoconids  of  the 
lower  molars.  At  the  same  time,  the  talonids  of  the  lower  molars 
become  smaller  and  with  them  the  interna!  cusps  or  "protocones" 
of  the  upper  molars,  so  that  a  perfected  shearing  action  is  finally 
developed.  In  South  America,  the  Borhysnidae  go  through  a  simi- 
lar line  of  evolution,  which  is  also  followed  even  to  much  further 
lengths  in  two  or  three  phyla  of  placental  mammals.  In  this  pro- 
gressive carnivorous  adaptation,  the  sides  of  the  molar  crowns  be- 
come of  predominant  imfjortance  and  the  overlapping  of  the  talonid 
upon  the  "protocone,"  or  internal  spur,  of  the  molars  is  reduced  and 
finally  eliminated.  This  is  the  very  opposite  extreme  from  the  line 
of  evolution  followed  by  omnivorous  and  herbivorous  animals  of  all 
orders,  in  which  the  crowns,  including  especially  the  talonids  of  the 
lower  molars,  and  not  the  sides  and  the  interlocking  parts,  become 
dominant  in  function. 

Primitive  Australian  polyprotodonts,  probably  of  the  family 
Dasyuridse,  also  gave  rise  to  an  otherwise  unknown  line  cubninating 
in  the  highly  aberrant  Myrmecobius,  or  "banded  anteater."  In 
this  genus  the  molars  are  more  numerous  (five  or  six  on  each  side  above 
and  below)  than  in  ordinary  marsupials  and  are  of  very  peculiar 
form,  elongate  anteroposteriorly  and  greatly  compressed  laterally. 
The  lower  molars  are  sunnounted  by  three  main  cusps,  so  that  they 
have  a  superficial  resemblance  to  the  triconodont  type.  The  jaw  and 
dentition  of  Myrmecobius  have  often  been  compared  with  those  of 
Mesozoic  mammals,  and  some  have  even  expressed  the  opinion  that 
this  animal  is  a  Uttle-modified  survivor  from  the  Purbeck  fauna. 
But  Bensley  rightly  concluded  that  it  is  only  an  aberrantly  modified 
dasyurid;  that  its  molars,  instead  of  being  primitive,  are  peculiarly 
specialized;  and  that  its  apparent  resemblances  with  the  molars  of 
Mesozoic  mammals  are  largely  secondary.  In  skull  structure,  Myrme- 
cobius is  plainly  a  ^>ecialized  dasyurid,  and  it  is  noteworthy  that  the 
incisors,  canines  and  premolars  are  much  less  aberrant  than  the 
molars;  also,  that  the  lower  molars  bite  far  to  the  inner  side  of  the 
upper,  and  are  directed  sharply  inward  and  upward,  an  anomalous 
adaptation  to  insectivorous  diet  (Plate  3). 
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In  the  straightness  of  the  upper  and  lower  tooth  rows,  which  form 
nearly  parallel  lines,  in  the  wide  spacing  between  the  teeth  and  in  the 
flatness  and  length  of  the  palate,  the  dentition  of  Myrmecobius 
parallels  that  of  the  armadillos. 

Assuming  the  correctness  of  the  conclusion,  that  Myrmecobius  is 
merely  a  specialized  dasyurid  and  not  a  close  relative  of  the  Mesozoic 
mammals  with  which  it  has  been  compared,  it  affords  a  conspicuous 


Fig.  40.  Uiper  and  Loiver  Molars  o?  Perameles,  Representing  a  Speculued 

DERtVATIVB  OP  THE  TrI TUBERCULAR  MOLARS  O?  THE  PRIMITIVB   DaSYUSIDS 

After  Osborn  and  Gregory 

The  molars  are  elongate  anleroposteriorly  and,  consequently,  divided  into  distinct 

anterior  and  posterior  moieties.     The  enlarged  V-shaped  talonlds  fit  between  the  widely 

separated  V-shaped  para-  and  metacones.     The  trigonid  basins  receive  tlie  hypocones, 

while  the  talonid  basins  receive  the  prototxjnes. 

example  of  the  unreliability  of  superficial  resemblances  between  molar 
teeth  of  widely  unrelated  types. 

The  third  offshoot  of  the  primitive  dasyurid  stock  is  represented 
by  the  bandicoots,  or  Peramelida;.  These  small  hopping  marsupials 
have  narrow  feet  armed  with  strong  claws  with  which  they  dig  nests, 
burrows  or  holes  in  the  ground.  Apparently,  more  or  less  dirt  must 
get  mixed  with  their  food,  which  is  of  the  omnivorous-insectivorous 
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kind,  because  their  molar  crowns  have  become  hypsodont,  or  long- 
crowned,  and  have  lost  much  of  their  primitive  tritubercular  heritage. 
The  upper  molar  crowns  are  quadrangular  in  outb'ne,  the  primitive 
triangle  being  modified  through  the  outgrowth  of  the  posteroexternal 
comer  of  the  crown  so  as  to  produce  a  so-called  hypocone.  It  is 
not  certain  whether  this  is  a  true  hypocone  derived  as  in  placentals 
from  the  posterointernal  cingulum,  or  whether  it  is  an  extension  of 
the  metaconulc,  but  in  either  case  it  fills  out  the  posterointernal  con- 
tour of  the  crown  and  obliterates  the  triangular  space  between  the 
adjacent  upper  molars.  It  thus  fills  the  space  formerly  occupied  by 
the  trigonid  of  the  lower  molar  and,  consequently,  the  hypocone  now 
articulates  directly  with  the  basin  or  fossa  of  the  trigonid.  The 
V-shaped  para-  and  metacones  of  Perameles  articulate  between  the 
trigonids  and  the  talonids  of  the  lower  molars,  while  the  "protocones" 
articulate  with  the  basins  of  the  talonids.  Each  lower  molar  consists 
of  two  narrow  Vs,  the  higher  anterior  V  fonned  by  the  trigonid,  the 
lower  posterior  V  formed  by  the  talonid.  These  two  Vs  are  well 
separated  because  of  the  inward  position  of  the  para-  and  metacones 
of  the  upper  teeth.  Conversely  the  prominent  V-shaped  talonid 
wedges  in  between  and  widely  separates  the  para-  and  metacones  of 
the  upper  teeth.  Both  the  upper  and  the  lower  molars  are  wider 
anteroposteriorly  than  those  of  primitive  tritubercular  dentition. 
Thus,  the  pattern  of  the  molar  teeth  of  Perameles  (derived  according 
to  the  evidence  of  its  skeletal  structure  from  primitive  tritubercular 
dasyurids)  parallels  similar  adaptation  among  various  other  families 
of  marsupials  and  placentals,  and  tends  to  confirm  my  view  that  the 
separation  of  the  para-  and  metacones  of  the  upper  molars  is  corre- 
lated with  the  transverse  widening  of  the  talonids  of  the  lower  teeth, 
which  push  in  between  the  Ungual  slopes  of  the  para-  and  metacones. 
The  upper  molars  of  Perameles  retain  the  primitive  external  cu^ps  or 
styles  which  here,  as  in  other  cases,  do  not  articulate  with  any  part 
of  the  lower  teeth  but  are  abraded  by  the  food  which  they  assist  in 
holding  and  pressing  against  the  lower  molars.  The  para-  and  meta- 
cones have  grown  so  far  inward  that  they  have  obliterated  the  proto- 
and  metaconules,  a  process  which  may  be  observed  in  various  other 
phyla  of  mammals. 


74  WILLIAM  K.   GREGORY 

Thus,  the  Peramelids  afford  an  instructive  example  of  incipient 
adaptation  towards  a  grinding  type  of  molars,  and  Bensley  regarded 
their  molar  patterns  as  structurally  intermediate  between  the  primi- 
tive dasyurid  and  the  primitive  diprotodont  molar  types. 

Another  line  of  adaptation  which  has  been  derived  from  the  primi- 
tive dasyurid  is  that  of  the  "marsupial  mole,"  NoUiryctes.  At  first 
sight  this  animal  appears  to  have  abnost  pure  tritubercular  lower 
molars,  which  one  might  wish  to  derive  from  the  primitive  tritubercu- 
lar lower  molars  of  the  Jurassic  mammals,  as  Dryolestes,  but  a  study 
of  the  skull  and  skeleton  indicates  that  Nalorycles  is  a  specialized 
derivative  of  the  primitive  dasyurids;  and,  therefore,  the  total  lack  of 
talonids  in  the  lower  molars,  and  the  extremely  simple  tritubercular 
pattern  of  both  the  upper  and  lower  molars,  is  probably  in  part 
secondary,  as  it  is  in  similar  cases  among  the  placental  insectivores. 
It  seems  very  likely  that  the  high  apex  of  the  upper-molar  crowns  is 
really  the  paracone,  homologous  with  the  single  tips  of  the  pre- 
molars and  with  the  tips  of  the  molars  of  Peralesies,  and  that  the  two 
large  external  cusps,  commonly  called  the  para-  and  metacones,  are 
really  the  para-  and  metastyles,  the  real  protocone  being  represented 
by  the  so-called  internal  cingulum  {PI.  3).  An  analogous  condition 
is  finally  attained  among  placental  insectivores  of  the  zalambdodont 
or  erinaceid  group. 

SUBORDER  DIPROTODONTU 

The  Australian  diprotodonts,  in  spite  of  their  wide  external  differ- 
ences in  form,  constitute  a  fairly  compact  group  united  by  manypecul- 
iar  common  characters  in  the  skull,  limbs,  brain,  reproductive  organs, 
etc.  Bensley,  following  the  suggestions  of  Huxley  and  Dollo.  has 
shown  very  fully  that  the  diprotodonts  represent  an  evolutionary 
advance  upon  the  primitive  polyprotodonts.  With  regard  to  the 
dentition  there  is  a  considerable  structural  hiatus  between  these 
two  groups,  so  that,  if  it  were  not  for  the  strong  evidence  afforded  by 
the  rest  of  the  anatomy,  it  would  be  unsafe  to  assume  the  derivation 
of  the  diprotodont  molars  from  the  primitive  dasyurid  type.  But 
this  evidence  is  so  strong  that  there  can  be  little  doubt  of  such 
derivation  of  the  molar  patterns. 
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Hie  more  primitive  molar  patterns  are  preserved  by  some  of  the 
omnivorous-herbivorous  phalangers,"  in  which  the  upper  molar  crown 
consists  chiefly  of  four  obtuse  Vs  arranged  in  two  parallel  rows  and 
fadng  outward,  with  their  apices  directed  inward.  These  apices  are 
named  protocone,  paracone,  metacone  and  hypocone.  The  external 
dngulum  cu^s  are  greatly  reduced  or  absent.  In  the  lower  molars 
the  trigonid  and  talonid,  although  considerably  disguised,  may  still 
be  recognized  and  consist  of  (a)  two  external  Vs,  representing  the 
protoconid  and  hypoconid,  and  (b)  two  internal  loops  with  the  con- 
cavity directed  outward,  representing  the  metaconid  and  the  ento- 
conid,  the  paraconid  being  reduced  or  absent.  This  relatively  primi- 
tive pattern  is  adapted  for  a  combination  of  cutting,  breaking,  and 
grinding.  The  outgrowth  of  a  hypocone  having  greatly  reduced  the 
spaces  between  the  upper  molars,  the  overlapping  relations  with 
the  lower  molars  are  correspondingly  emphasized. 

From  this  comparatively  central  type,  Bensley  derived,  first,  that  of 
the  koala  (Phascolarctos)  by  the  further  emphasis  of  the  V-shaped  or 
crescentic  character  of  the  four  main  cusps,  so  that  both  the  upper 
and  lower  molars  bear  four  distinct  Vs,  or  crescents,  fadng  outward 
in  the  upper  and  inward  in  the  lower  molars.  This  crescent-shaped 
pattern  has  often  been  evolved  among  the  placentals  in  adaptation 
to  leaf-eating  habits.  The  second  line  of  derivation  from  the  primi- 
tive diprotodont  type  leads  to  the  molars  of  the  kangaroos  and  their 
allies,  in  which  the  summits  of  the  opposite  cusps  have  been  linked  by 
prominent  cross-crests  developed  on  the  slopes  of  the  four  main  cusps, 
so  that  they  produce  a  tapiroid  or  bilophodont  type  of  molar.  The 
lalonid,  as  in  all  such  "lophodont"  types,  has  become  greatly  devel- 
oped. This  bilophodont  pattern  is  paralleled  not  only  in  the  tapirs 
and  various  other  ungulates,  but  also  in  the  monkeys  of  the  Old 
World. 

Perhi^  the  most  specialized  derivative  of  the  primitive  diproto- 
dont pattern  is  seen  in  Phascolomys,  with  its  beaver-like  skull  and 
denta  apparatus.  There  is  a  single  pair  of  gnawing  incisors  growing 
from  persistent  pulps  in  both  the  upper  and  lower  jaws,  followed  by  a 
wide  diastema.  The  cheek  teeth  are  hypsodont,  consisting  of  two 
V-shaped  columns.  Many  analogies  with  rodents  are  evident,  but 
the  marsupial  nature  of  the  animal  is  revealed  not  only  by  the  brain, 

"  See  Plale  4. 
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reproductive  organs,  etc.,  but  by  the  underiying  characters  of  the 
skull  aad  lower  jaw,  a  long  list  of  which  agrees  with  those  of  less 
specialized  diprotodonts. 

In  spite  of  the  highly  specialized  dentition,  Phascolomys  and  its 
allies  are  doubtless  related  to  the  koala  (Phascclarclos) ,  and  their 


Fio.  41.  SmiLAK  Adaptations  for  Gnawing  anp  Grinding  Woodv  Tissde  in  (1)  the 
WouBAT  {Phascolomys),  A  Diproiodont  Marsupiai,  and  (2)  the  Beaver  (.CasUr), 

A  RonENT  Placental 
The  side  view  shows  veil  the  enlarged  median  pair  oF  incisors  in  both  upper  and  lower 

jaws,  the  long  diastema  behind  them,  and  the  long-ciowned  cheek  teeth. 

In  spite  of  its  rodent-like  appearance,  the  skull  of  Phascolomys  preserves  much  of  ill 

"heritage"  of  primitive  marsupial  characters,  such  as  the  strongly  inflected  angles  of 

the  mandible. 
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columnar  molar  teeth  have  probably  been  derived  from  the  crescent 
bearing  molars  of  the  koala. 

The  case  of  Phascolomys  is  highly  instructive.  If  we  were  depend- 
ent solely  upon  a  comparison  of  its  dentition  with  that  of  other  known 
mammals,  we  could  hardly  infer  either  its  real  affinities  or  the  evolu- 


FiG.  42.  Front  View  of  Skulis  Illustrated  in  Figure  41 


tionary  history  of  its  dentition.  By  a  study  of  the  rest  of  its  anatomy, 
however,  in  comparison  with  that  of  other  marsupials,  we  determine 
its  real  relationships;  and,  by  analogy  with  numerous  well-established 
cases  among  the  placentals,  we  find  that  tbe  assumption  of  a  rodent- 
like  dentition,  or  of  the  hypsodont  condition  of  the  molars,  rapidly 
effaces  the  primitive  tritubercular  heritage. 
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VII.  SUMMARY  AXD  CONCLUSIONS  FOR  PART  I 

Owing  to  the  well-known  "iraperiection  of  the  paheontological 
record."  and  to  the  \-ast  chronological  extent  of  vertebrate  evolution 
which  must  be  reckoned  at  least  in  tens  of  millions  of  years,  the 
known  stages  of  ascent  are  seldom  in  the  direct  relation  of  ancestor 
and  descendant.  Nevertheless,  the  broader  features  of  the  evolu- 
tion of  the  dentition,  leading  eventually  toward  the  mammalian  and 
human  types,  appear  to  be  well  estabUshed. 

In  the  earUcst  known  stage,  represented  by  the  ostracodeims  of  the 
Upper  Silurian  and  Devonian,  the  food  was  possibly  engulfed  by  the 
capacious  oral  hood,  or  drawn  in  by  the  pumping  action  of  the  nas- 
cent branchial  apparatus;  but  neither  teeth,  cartilaginous  jaws,  nor 
gill  arches,  had  yet  been  evolved.  These  elements  were  first  dif- 
ferentiated in  the  primitive  sharks  of  Silurian  and  Devonian  ages, 
the  primary  jaws  (palato-quadrate  and  Meckel's  cartilage)  being 
merely  enlarged  and  further  modified  members  of  the  series  of 
branchial  cartilages,  operated  by  muscles  which  are  serially  homol- 
ogous with  those  of  the  branchial  arches  and  provided  with  teeth 
derived  from  the  infolding  of  the  dentigerous  skin  aroimd  the  bor- 
ders of  the  mouth.  True  bony  tissue  had  not  yet  been  developed,  but 
the  endoskeleton  was  strengthened  by  calcific  deposits  in  the  cartilage. 
These  primitive  vertebrates  were  active  predatory  fishes  of  immense 
evolutionary  potentialities,  since  they  embody  the  structural  ground 
plan  of  all  the  higher  classes. 

The  next  stage  of  ascent  is  illustrated  in  the  primitive  ganoid  fishes 
of  the  Devonian  age.  In  these  the  primary,  or  cartilaginous,  jaws 
had  become  ensheathed  in  bony  skin-plates.  The  teeth  are  now  con- 
fined to  the  margins  of  the  jaws  and  the  roof  of  the  mouth,  instead 
of  covering  the  whole  body,  as  in  sharks.  The  skin  on  the  head  gives 
rise  to  the  external  or  denno-cranium;  and  that  on  the  body  to  the 
scales  and  dermal  rays.  True  bone  cells  have  thus  invaded  the  skin 
and  also  extended  to  the  cartilaginous  endoskeleton,  v^ch  they  finally 
replace.  Of  these  primitive  ganoids  one  line,  known  as  the  Actlnop- 
terygii,  becomes  more  and  more  highly  ichthyized,  or  adapted  for 
typical  fish-like  habits,  and  thus  removes  itself  from  the  line  of 
human  ascent. 
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The  secoDd  line,  the  Dipnoi,  are  less  successful  as  typical  fishes,  but 
develop  lungs  which  supplement  the  gills  in  oxygenating  the  blood. 
This  group,  however,  is  very  early  eliminated  from  the  main  line 
through  the  overspecialization  of  the  dentition,  which  takes  the  form 
of  fan-like  clusters  of  denticles  on  the  roof  of  the  mouth  and  on  the 
inner  sides  of  the  lower  jaw,  A  related  group,  the  Crossopterygii, 
share  with  the  dipnoans  the  possession  of  lungs,  which  were  naturally 
prerequisite  for  ancestors  of  the  air-breathing  tetrapods,  but  they 
avoid  excessive  specializations  of  the  dentition,  and,  preserving  their 
primitive  predatory  habits,  they  retained  simple,  unfused,  teeth  on 
the  margins  and  inner  sides  of  the  jaws  and  on  the  roof  of  the  mouth. 
Their  teeth  have  elaborately  infolded  bases  and  are  essentially  iden- 
tical in  construction  with  the  labyrinthodont  teeth  of  the  earliest  four- 
footed  vertebrates.  Perhaps  this  infolding  of  the  bases  of  the  teeth 
served  to  strengthen  the  hold  of  the  teeth  upon  the  tough,  bony, 
skin  which  bore  them.  A  similar  adaptation  may  be  seen  in  the 
existing  garpike,  Lepidosleus.  The  crossopterygians  also  possess  the 
right  kind  of  pectoral  and  pelvic  paddles  to  give  rise  to  the  paired 
limbs  of  the  primitive  tetrapods. 

The  greatest  advances  in  evolution  have  always  accompanied  revo- 
lutionary changes  in  habits  and  the  passage  from  one  life  zone  to 
another.  The  emergence  of  the  primitive  tetrapods  from  the  stem  of 
the  crossopterygians  involved  the  most  profound  alterations  in  the 
locomotor  apparatus,  since  the  adventurous  pioneers  had  to  sacrifice 
the  hard  won  adaptations  for  a  fish-like  mode  of  life,  and  to  learn  to 
support  the  entire  weight  of  the  body  in  a  new  medium  which  gave 
no  aid  through  its  buoyant  properties.  But,  while  the  changes  in 
locomotor  and  respiratory  apparatus  were  truly  revolutionary,  the 
organs  of  ingestion  and  digestion  preserved  much  of  their  piscine 
heritage. 

As  we  pass  from  lower  to  higher  vertebrates  there  is  a  steady 
reduction  in  the  number  of  different  parts,  sometimes  accompanied 
by  the  multiphcation  of  single  parts.  So,  too,  in  the  passage  from 
the  crossopterygian  to  the  tetrapod,  there  is  a  marked  reduction  in 
the  number  of  bony  plates  covering  the  skull  and  lower  jaws,  the 
former  losing  the  opercular  series  and  the  latter  losing  many  of  the 
plates  on  the  under  side,  especially  the  gular  and  infradentary  series. 
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The  earliest  tetrapods  still  went  through  a  fish-like  or  tadpole  stage 
of  development,  which  has  been  retained  in  modernized  amphibians. 
The  latter  early  removed  themselves  from  the  direct  line  of  human 
ascent  by  becoming  secondarily  adapted  for  living  in  the  water,  even 
in  the  adult  stage  and  after  the  development  of  complete  limbs.  In 
these  forms,  the  head  becomes  broad  and  depressed  throu^  the  lat- 
eral spreading  of  the  jaws  and  the  faUure  of  the  middle  part  of  the 
skull  to  increase  in  vertical  depth.  At  the  same  time,  the  primitive 
tripartite  occipital  condyle  loses  its  medial  portion  and  beomies  a>n- 
fined  to  the  exoccipital  bones.  The  palate,  at  first  closed-over  in  the 
midline,  opens  out  and  the  epiphyses  of  the  limb-bones  fail  to  ossify. 

In  the  primitive  reptiles,  on  the  other  hand,  which  were  the  ances- 
tors  of  all  the  higher  types  of  vertebrates,  the  tadpole  stage  was  early 
eliminated,  the  adaptations  for  quadrupedal  progression  on  land  were 
progressively  developed,  and  the  easy  descent  to  secondary  aquatic 
habits,  which  has  tempted  many  lines  away  from  the  upward  path, 
was  avoided.  The  skull,  as  a  whole,  became  compressed  rather  than 
flattened,  the  brain-case  and  upper  and  lower  jaws  being  vertically 
deepened.  The  labyrinthodont  pattern  of  the  bases  of  the  teeth  was 
gradually  lost  as  the  teeth  became  implanted  in  distinct  sockets. 

In  the  stem  reptiles  (Cotylosauria)  the  occipital  condyle  retains  its 
primitive  centrum-like  character,  and  the  primitive  roofing  bones  on 
the  ocdput  and  temporal  region  are  preserved  intact.  Most  of  the 
better  known  cotylosaurs  are  already  too  specialized  in  dentition  to 
be  directly  ancestral  to  the  higher  reptiles,  which  must  have  been 
derived  from  primitive  insectivorous  members  of  the  order,  perhaps 
allied  with  the  Captorhinids.  The  various  lines  leading  to  modem 
reptiles  diverged  from  the  primitive  stock  and  from  their  remote 
relatives,  the  mammal-like  reptiles,  at  an  exceedingly  early  period, 
certainly  not  later  than  the  Lower  Permian.  In  so  doing,  they  lost 
many  primitive  reptilian  characters,  and  acquired  new  specializarions 
which  have  often  deceived  those  who  expect  to  find  in  modem  rep- 
tiles the  clues  to  the  early  history  of  the  human  dentition. 

The  earliest  stages  of  the  mammal-like  series  of  reptiles  are  repre- 
sented in  the  smaller  and  less  specialized  pelycosaurs,  or  Theromor- 
pha,  of  the  Upper  Carboniferous  and  Lower  Permian  of  North 
America.    In  these  the  temporal  region  is  perforated  by  the  lateral 
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temporal  fenestra,  lying  beneath  the  junction  of  the  postorbital  and 
squamosal  bones  and  above  the  jugal.  This  opening  was  apparently 
developed  in  connection  with  the  activity  of  the  muscles  of  mastica- 
tion, the  bone  being  strengthened  and  reinforced  around  the  borders  of 
insertion  of  the  temporal  muscle  and  weakened  or  removed  in  the 
middle  of  this  area.  The  e£Fectiveness  of  such  an  arrangement  is 
seen  by  opening  and  dosing  the  jaws  of  the  modem  Spkenodon; 
the  bony  strips  that  remain  around  the  lateral  temporal  fenestrse 
afford  adequate  supports  for  the  temporal  muscles,  while  the  openings 
permit  the  free  expansion  and  contraction  of  these  muscles.  In  the 
pelycosaurs,  the  stout  bar  of  bone  below  the  lateral  temporal  fenestra, 
composed  of  branches  of  the  jugal  and  squamosal,  is  the  forerunner 
of  the  zygomatic  arch  of  mammals. 

In  the  true  mammal-like  reptiles  (Therapsida),  at  present  known 
only  from  the  Permian  of  South  Africa  and  Russia,  and  from  the 
Triassic  of  South  Africa,  we  observe  a  great  advance  toward  the  mam- 
malian grade  of  oi^nization  involving  especially  the  following 
changes:  (1)  a  progressive  improvement  in  the  respiratory  system,  as 
indicated  by  the  final  development  of  a  sub-mammalian  type  of  pal- 
ate, and  by  the  differentiation  of  the  ribs  into  dorsal  and>lumbar 
regions;  (2)  equal  improvement  in  the  locomotor  apparatus,  pointing 
towards  mammalian  conditions,  and  (3)  a  progressive  evolution  of  the 
dentition,  beginning  with  the  compressed,  simple,  recurved  teeth  of 
the  gorgonopsians  and  cubninating  in  the  diverse  and  almost  mam- 
mal-like dentition  of  the  cynodonts.  In  the  Therapsid  series,  the 
multiple  succession  of  teeth,  characteristic  of  later  reptiles,  is  not 
found,  as  there  are  but  two  sets,  corresponding  to  the  deciduous  and 
permanent  series  of  mammals.  The  incisors,  canines,  and  premolars, 
were  replaced  by  permanent  successors,  but  the  molars,  although  ap- 
parently never  replaced,  are  serially  homologous  with  the  decduous 
series,  or  exostichos.  Replacement  was  vertical,  as  in  mammals,  the 
permanent  teeth  pushing  out  their  deciduous  predecessors  from  be- 
low, but  not  becoming  intercalated  between  them  as  in  recent  reptiles. 

In  this  group  of  mammal-like  reptiles  we  find,  foreshadowed,  many 
of  the  fundamental  inter-relations  of  the  upper  and  lower  teeth  that 
are  preserved  in  primitive  manunals:  thus,  the  upper  set  bite  outside 
of  the  lower  set  and.  at  least  in  the  more  advanced  types  each  lower 
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looth  articulates  with  two  uppers.  In  the  primitive  cynodonts  the 
chcfk  teeth  are  comptessed  and  serrate,  remotdy  suggesting  the  tri- 
coDodont  t\-pe,  but  differing  in  that  eadi  tooth  is  supported  by  only 
one  root.  In  the  nearly  related  Diademodon  and  its  allies,  the  u[q>er 
cheek  teeth  become  widened  transversely  through  the  inward  growth 
of  the  basal  portion  of  the  crown  and  root.  At  the  same  time  the 
crowns  of  the  lower  molars  exhibit  a  tendency*  to  be  divided  into  an 
anterior  moiety,  foreshadowing  the  trigonid  of  mammals,  and  a  pos- 
terior moiety,  possibly  homologous  with  the  talonid.  Thus,  in  this 
\-en-  early  stage,  the  upper  and  lower  teeth  are  ^•e^^■  unlike  each  oihsx 
in  form,  Xevertheless,  it  is  probable  that  Diademodon  and  its  allies 
were  not  directly  ancestral  to  any  of  the  mammals,  as  their  dentition 
dot's  not  apjx-ar  to  lead  to  any  of  the  later  i\-pes. 

All  the  cyntxlonts  are  \-er>-  progressive  toward  mamma K»n  condi- 
tions in  tbf  construction  of  the  lower  jaw.  amx  they  haw  a  mamma  1- 
liko  tlonlan,-  with  a  wide  ascending  ramus,  althou^  the>-  had  not  yet 
cslnlili.shtHl  u  stvondary  contact  between  the  daitaiA*  and  squamosal,** 
while  iho  iHislcrior  jaw  elements  iquadrate.  articular,  etc.)  still  func- 
tiimtii  (nr  thi-  support  of  the  jaw  and  for  the  attachment  of  the  rep- 
liliiin  ploPi'gviid  muscles.  The\'  were  also  connected  with  the  audi- 
tory* iipjvmttus.  since  the  stapes  is  known  lo  ha\-e  been  in  contact  with 
the  quadrate,  while  the  t^-mpanic  membrane  was  [Hobabh'  stretched 
U]x*n  the  posteriorly  forked  angubr  bone  AVatson.  Pahner).  Tlie 
inner  ^tle  of  the  dentarj-  was  deeply  grooved  for  the  reoepticn  of  the 
primar>'  lower  jaw.  ^insisting  chiefly  of  the  articular  btme.  The  main 
jaw  muselts.  as  shown  by  the  form  oi  the  temporal  fossa,  and  b>'  the 
shajv  of  the  dentary  bone  and  of  the  zjiromatic  ani.  were  of  sub- 
mamniiilian  iy[x-.  The  zygomatic  arch  differed  from  that  of  mammals 
chietly  in  i\'t.iining  the  primitive  postoibital  Wne  at  its  antoosiqMriar 
end,  S«»me  of  xhe  more  primitive  cyniJonts.  such  as  liUdfifisis  (fig. 
^'^.  may  hitve  Iven  cli.>se3y  related  lo  the  direct  ancestors  of  the  Pn>- 
toiionta  and  Trivvnoilonta  of  the  mar.-.ir.ils^  P^'iyft^titMS.  which  is 
piv*ibly  K'Kited  lo  Piisc^M^^.  arorvis  se\-era;  characteis  which  must 
he  Kv^trti  tor  in  tht-  an^vsiors  o:  :he  TnainmaHan  <xdcr  of 
Multitubervulata. 

The  fra^ientan.'  ixai*v>ntoi*.>jd'.~Ai  rewr,:  coes  =o:  itv^wal  the  tzana- 
tioAal  staj^es  betwe>en   the  mammals  .ii^z   :he  ina=r:=,il-like  icpdles. 
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and  the  wide  differentiation  of  the  dentition  in  the  few  known  mam- 
mals of  the  Upper  Triassic  indicates  that  the  protodonts  and  the 
multituberculates  were  derived  from  different  members  of  the  cyno- 
dont  reptiles.  The  protodonts  emphasize  the  characters  foreshadowed 
in  the  cynodonts  with  compressed  teeth,  but  differ  in  the  subdivision 
of  the  single  fang  of  the  cheek  teeth  into  two  distinct  roots,  at  least 
in  the  molars.  The  incisors  and  canines  of  these  animals  retain  much 
of  their  cynodont  character  and  so  does  the  whole  dentary  bone. 
Now,  however,  a  secondary  contact  has  apparently  been  established 
between  the  dentary  and  squamosal,  since  there  are  indications  of  a 
condylar  process  on  the  dentary. 

The  contemporary  multituberculates,  on  the  other  hand,  had  al- 
ready attained  a  high  degree  of  specialization,  since  the  lower  molars 
had  become  "basin-shaped"  (Microlesles),  possibly  through  the  up- 
growth of  the  internal  cingulum  parallel  to  the  primitive  row  of  low 
cusps  on  the  buccal  side  of  the  tooth.  Apparently  the  posterior  pre- 
molars had  already  become  enlarged  and  grooved  (Microlesles  rhali- 
cus).  Although  the  front  teeth  of  Microlesles  remain  unknown,  they 
were  probably  not  dissimilar  to  those  of  the  later  multituberculates. 
and  were  thus  already  enlarged,  procumbent,  and  separated  from  the 
cheek  teeth  by  a  diastema. 

About  this  time  (Upper  Triassic),  or  perhaps  somewhat  later,  the 
order  Trituberculata  may  already  have  been  differentiated  from  prim- 
itive cynodonts,  as  it  appears  to  be  represented  by  an  imperfect  lower 
jaw  (Karoomys)  from  the  summit  of  the  Karoo  series  in  South  Africa. 

In  the  fauna  of  the  Stonesfietd  Slate  (Lower  Jurassic  of  Great  Brit- 
ain) we  find  three  very  distinct  orders  of  mammals,  the  Jirst  type  of 
dentition  including  the  primitive  triconodonts,  Amphilestes  and  Phas- 
colotlierium,  in  which  each  lower  molar  tooth  had  a  compressed  crown 
with  a  central  apex,  and  two  low  cusps  on  its  anterior  and  posterior 
slopes.  The  second  type  is  represented  by  Amphitherium,  the  oldest 
and  most  primitive  of  the  order  Trituberculata,  which  exhibits  the 
tritubercular  lower  molar  in  its  archetypal  form.  In  this  genus  the 
incisors,  canines,  and  anterior  premolars,  are  not  dissimilar  to  those 
of  the  triconodonts.  All  the  cheek  teeth,  likewise,  are  supported  by 
two  roots,  and  the  number  of  post-canine  teeth  (eleven)  is  higher  than 
in  primitive  placentals  and  marsupiab  of  later  ages.    The  molar 
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teeth,  however,  are  tiitubercular  instead  of  triconodont,  and  there 
is  no  e\idence  that,  in  this  early  stxtge  (Lower  Jurassic),  the  ttitu- 
berculai  pattern  had  been  derived  from  the  trio>nodonL  On  the 
contrai>-,  it  seems  probable  that  the  paraconid.  metaconid,  and  ento- 
conid.  arose  in  siiu  on  the  slopes  of  the  protoconid,  and  were  not  de- 
rived through  the  "rotation."  or  circumduction,  of  the  lateral  smaUn 
cusps  of  a  triconodont  crown.  Moreover,  the  jaw  differs  considerably 
from  that  of  the  triconodonts.  inasmuch  as  it  has  a  primiti\'e  unin- 
fected angular  process  like  that  of  the  earliest  placentals.  Hence, 
this  earliest  known  and  most  primitive  trituberculate  affords  no  sup- 
port for  the  famous  Cope-Osbom  h>'pothesis  of  the  origin  of  the  tri- 
tubercular  molar  pattern,  which  was  based  on  conditions  observed 
in  mammals  of  a  later  period.  The  third  order  (PMultituberculata) 
is  obscurely  represented  in  this  fauna  by  the  fragmentary  jaw  called 
Sitrcognalhus. 

From  the  Lower  Jurassic  of  South  Africa  the  gmus  Ttilylcdim  is 
literally  multituberculate.  since  each  upper  molar  tooth  bears  three 
rows  of  cusps,  but  this  form  is  \"er\-  unlike  any  other  monber  of  the 
order  to  which  it  doubtfully  belongs.  It  serves  to  emphasize  the  ex- 
tremely early  differentiation  of  the  multituberculate  tjpe  of  teeth, 
and  to  indicate  the  wide  separation  of  this  group  from  the  tritubercu- 
lar  and  triconodont  mammals. 

In  the  Purbeck  and  Morrison  faunas  of  Vi^>er  Jurasac  age  we  find 
the  same  three  orders.  Multituberculata.  Triconodonta,  and  Tritu- 
berculata.  but  in  a  more  ad\-anced  stage  of  es-olution.  The  multi- 
tuberculates  are  now  represented  by  the  family  Plagiauladdse,  idilch 
are  differentiated  by  the  great  development  oi  the  compressed.  gioo\-ed, 
lower  premolars  and  the  small  size  oi  the  lower  molars. 

At  that  time  (Upper  Jurassic^  the  normal  triconodonts  apparently 
reached  the  end  of  their  evolutionary-  span.  They  exhibit,  first,  a 
reduction  in  the  number  of  true  molars,  concomitant  with  an  increase 
in  the  anteroposterior  diameter  of  each  molar  and.  secondh',  the  final 
stage  in  the  production  of  a  pure  triconodont  crown,  with  three  etpial 
cu^is  placed  in  a  single  fore-and-aft  line.  In  certain  aberrant  tri- 
conodonts \Mcnjcod0n.  TinodoK  .  the  accessorj-  cusps  on  the  sk^>es 
of  the  protoconid  are  displaced  toward  the  inner  side  of  the  crown,  and 
it  b  possible  that  this  line  gave  rise  to  the  Spalacotheritds.  in  whidi 
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the  three  primitive  cusps  are  finally  arranged  in  an  equilateral  tri- 
angle with  the  apex  (protoconid)  on  the  buccal  side.  It  is  also  pos- 
sible that,  in  some  of  these,  the  triad  of  cusps  became  asyTnmetrical, 
giving  rise  to  the  conditions,  in  Lepiocladus  (Peramtts)  and  related 
genera,  which  have  been  referred  to  the  Trituberculata.  Here,  in 
substance,  is  the  whole  evidence  for  the  Cope-Osbom  hypothesis  of 
the  origin  of  the  trigonid  through  the  rotation  or  circumduction  of 
the  accessory  cusps  toward  the  inner  side  of  the  protoconid.  But,  as 
we  have  seen,  this  would  only  account  for  the  origin  of  the  trigonid 
in  certain  genera  which  may  well  be  pseudotrituberculates,  and  its 
force  is  lessened  by  the  wide  difference  between  the  trituberculates 
and  the  triconodonts  in  the  earlier  Stonesfield  Slate  fauna.  It  was 
definitely  recognized  by  Osbom,  in  1888,  that  the  tritubercular  type 
may  have  been  derived  more  than  once  and  in  different  ways,  but  his 
opponents  have  forgotten  this;  and,  by  endeavoring  to  overthrow  the 
"  ciisi>-rotarion "  hypothesis,  have  imagined  that  they  have  under- 
mined the  whole  theory  of  trituberculy. 

The  true  Trituberculata  of  the  Purbeck  and  Morrison  faunas  in- 
clude a  considerable  variety  of  forms  ranging  from  the  more  primitive 
Amblolherium,  possibly  a  descendant  of  Amphilherium,  with  more 
normal  tritubercular  molars,  to  the  stylodonts,  which  have  high,  sty- 
loid, molars  with  three  sharp  pricking  cusps,  and  with  an  apparently 
secondary  reduction  of  the  talonid  and  more  or  less  coalescence  of  the 
two  main  roots.  In  Amblolherium  the  incisors,  canines,  and  pre- 
molars, remain  very  primitive,  the  latter  having  high  compressed 
crowns,  the  apices  of  which  arc  undoubtedly  homologous  with  the 
protoconids  of  the  molars.  The  lower  jaw  closely  resembles  that  of 
Amphitherium  and  has  a  distinct  angular  process  of  primitive  pla- 
cental type. 

There  are  several  types  of  upper  molars  among  the  Purbeck  tri- 
tuberculates, of  which  the  association  with  the  lower  molars  has  been 
more  or  less  in  doubt.  A  conclusion  reached  in  this  paper  is  that  Owen 
was  fight  in  associating  the  upper  teeth  of  the  animal  named  Pera- 
Ustes  with  a  lower  jaw  having  teeth  resembling,  in  many  respects, 
those  of  Amblolherium,  Achyrodon,  and  Peraspalax;  in  other  words, 
that  Peraiestes  represents  the  upper  dentition  of  the  Purbeck  succes- 
sors of  Ampkithenum.    In  this  genus,  with  its  irregularly  trigonal 
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Upper  molars,  the  ingb  apices  of  the  molars  are  evidently  homologous 
with  those  of  the  premolars.  The  upper  molars  of  the  stylodonts 
(Kurlodon,  Dryolestes)  are  very  narrow  transversely  and  unlike  those 
of  Peralestes  in  appearance,  yet  they  also  have  the  high  internal  apex 
seriaUy  homologous  with  that  of  the  premolars.  A  third  type  of 
upper  molars,  seen  in  Diplocynodon,  is  very  aberrant.  Tie  internal 
apices  are  greatly  expanded  anteroposteriorly  and  coanect  with  the 
external  apices  by  low  transverse  crests.  Ths  homologies  of  the  parts 
in  this  type  of  molar  are  doubtful.  In  the  more  normal  trigonal  upper 
molars  of  Peralestes  and  Kurlodon,  there  are  interdental  spaces  for 
the  reception  of  the  trigonids  of  the  lower  teeth.  On  the  inner  side 
of  the  upper  molars  of  Dryolestes,  an  internal  cingulum  at  the  base  of 
the  crown  may  foreshadow  the  lingual  process  which  becomes  highly 
developed  in  the  molars  of  later  types  and  gives  rise  to  the  so-called 
protocones. 

In  the  typical  AmphitheriidsE  there  are  eleven  post-canine  teeth, 
which  are  short  in  the  anteroposterior  diameter.  In  typical  later 
mammals  (marsupials  and  placcntals)  the  number  of  post-canine 
teeth  is  reduced  to  seven,  but  each  molar  has  its  anteroposterior  diameter 
considerably  increased  through  the  great  development  of  the  talonid. 
Apparently,  this  process  occurred  in  the  later  part  of  the  Age  of  Rep- 
tiles, because  the  opossum-like  marsupials  of  the  Upper  Cretaceous 
already  have  well  developed  talonids  which  receive  the  expanded 
protocones  of  the  upper  molars.  The  latter  appear  to  be  homologous 
with  the  internal  extensions  from  the  base  of  the  crowns  of  the  pre- 
molars, and  likewise  the  para-  and  metacones  have  every  appear- 
ance of  serial  homology  with  the  tips  of  the  premolars.  The  trans- 
verse expansion  of  the  talonid  of  the  lower  molars  presses  the  hypo- 
conid  against  the  lingual  slope  of  the  original  apex  of  the  crown  and 
apparently  conditions  its  division  into  two  cusps,  para-  and  meta- 
cone,  which  moved  apart  anteroposteriorly  in  proportion  to  the  buccal 
growth  of  the  hypoconid.  The  V-shaped  proto-  and  metaconules 
are  developed  on  the  anterior  and  posterior  slopes  of  the  protocones, 
shear  past  the  external  faces  of  the  trigonids,  and  fit  into  the  V-shaped 
reentrant  valleys  left  between  the  trigonids  for  the  fully  developed 
talonids  of  the  lower  teeth. 
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The  primitive  marsupiab  of  the  Upper  Cretaceous  exhibited  a  con- 
aderable  adaptive  radiation  in  the  dentition,  ranging  from  trituber- 
cular  fonns,  adapted  for  a  carnivorous  diet,  to  animals  in  which  the 
molar  and  pronolar  crowns  were  surmounted  by  massive,  swollen 
and  blunt  cusps,  possibly  adapted  for  breaking  and  crushing  the 
shells  of  invertebrates.  The  modern  marsupials  of  Australia  and 
South  America  are  probably  specialized  descendants  of  the  Upper 
Cretaceous  "opossums,"  which  were  contemporaries  of  the  last  of  the 
great  reptiles. 

The  adaptive  radiation  of  the  dentition  of  marsupials  was  first 
fully  worked  out  by  Bensley,  by  applying  the  principles  of  dental 
evolution  deduced  from  the  better  known  palxontological  record  of 
the  placentals.  It  also  affords  an  illuminating  example  of  the  diverse 
inter-relations  of  the  upper  and  lower  teeth  in  carnivorous,  omnivor- 
ous, and  herbivorous,  types  of  dentition.  In  the  carnivorous  types, 
the  shearing  blades  on  the  sides  of  the  upper  and  lower  crowns  become 
greatly  emphasized  and  are  shifted  from  a  transverse  to  a  more  antero- 
posterior position.  At  the  same  time,  the  talonids  of  the  lower  mo- 
lars and  the  so-called  protocones  of  the  upper  molars  become  progres- 
sively reduced  and  the  para-  and  metaconids  approximated.  In  the 
herbivorous  types,  on  the  contrary,  the  talonids  are  progressively  de- 
veloped, overlapping  broadly  on  the  crowns  of  the  upper  teeth;  by 
the  development  of  crests  on  the  crowns  of  the  upper  and  lower  molars 
various  effective  combinations  for  cutting  and  crushing  are  produced. 
The  filling  out  of  the  quadrate  contour  of  the  crown,  through  the  up- 
growth of  the  hypocone,  accompanies  the  anteroposterior  elongation 
of  the  tooth,  and,  obliterating  the  interdental  spaces,  effects  an  over- 
lapping of  the  hypocones  of  the  upper  molars  into  the  basins  of  the 
trigonids  of  the  lower  molars. 

Thus,  the  marsupials  parallel  the  placentals  in  dental  e^■olution  as 
well  as  in  body  form  and  habits,  and  a  clear  understanding  of  the  me- 
chanical relations  of  the  parts  of  their  upper  and  lower  teeth  will  be 
helpful  to  students  of  the  human  dentition. 


PLATE  1 

Upper  and  lower  jaws  of  mammal-like  reptiles  from  Ihe  Permian  ol  South  Africa, 
showing  deciduous  and  permanent  leeth. 

A.— Front  view  of  upper  and  lower  Jaws  of  Taurops  macrodan  Biorim  (Amer.  Mus. 
Nat.  Hist.,  DO.  5,610),  showing  the  deciduous  upper  and  lower  teeth  (if)  in  occlusion,  and, 
in  the  lower  jaw,  the  unerupted  permanent  teeth  (p)  heneath  the  deciduous  series. 

B. — Right  mandibular  ramus  of  M oscogtiiithui  uhailsi  Broom  (Amer.  Mus.  Nat.  Hist., 
no.  5,602),  showing  the  deciduous  series  (if)  in  place  and  some  of  the  permanent  teeth 
ip)  directly  heneath  them.  The  molars  {ni).  in  the  back  part  of  the  jaw,  belong  to  the 
exostichos,  as  do  also  the  deciduous  teeth,  hut  apparently  were  never  replnced. 

C— The  same  (Bl,  seen  from  above. 
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PLATE  2 

Teeth  of  inseclivoious  and  carnivorous  polyprotodont  marsupials,  ananged  to  iitdicata 
the  functional  relations  of  the  parts  of  the  upp>er  and  lower  molars  (cf.Jff.  JP).  Specimau 
in  the  American  Museum  of  Natural  History. 

l.—Uelachirus,   X   2.     2.—Fhascogale,   X  6.    3.—Dasyuruf,  X  2.    A.-~TkyiacitHU 

X  1.     5—SarcophUus,  X  3/2. 

In  the  most  specialised  carnivorous  type  (5),  the  shearing  action  of  the  anterior 
blades  of  the  trigonids  is  greatly  emphasized;  white  the  talomds  of  the  lower,  and  the 
"protocones"  of  the  uppers,  are  correspondingly  reduced. 

In  any  dentition  the  upper  teeth,  in  occlusion,  face  downward  and  the  lower  teeth 
upward.  Therefore,  their  images,  if  projected  onto  the  plane  of  the  paper,  would  fall  on 
opposite  sides  of  it.  As  the  paper  b  opaque  and  we  wish,  nevertheless,  to  lepTesent  both 
upper  and  lower  teeth  on  one  side  of  it,  and  at  the  same  time  to  indicate  the  occlusd 
relations,  we  must  present  a  direct  image  of,  say,  the  left  uppers  in  association  with  an 
inverted  image  of  Ihe  left  lowers.  In  practice  we  may  obtain  this  effect,  as  in  plaUs  Z-4, 
by  using  a  direct  image  of  the  left  uppers  in  association  nith  a  direct  image  of  the  right 
lowers,  since  the  crown  view  of  the  right  lowers  gives  substantially  an  inverted  image 
of  that  of  the  left. 
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PLATE  3 

Aberrant  types  of  dentition  among  the  polypiotodonts,  derived  appuently  from  the 
primitive  dasyurid  type.     Specimens  in  tlie  American  Museum  of  Natunl  Hktoiy. 

1, — Mymucobius,  "banded  anteater."  The  teeth  aie  modified  in  connection  with 
anteating  habits.  The  molars  have  increased  in  number  and,  beconung  elongate,  h>ye 
lost  their  primitive  tritubercular  character. 

2. — Xotoryfla,  the  "marsupial  mole."  The  teeth  are  nKxtified,  peihaps,  in  connection 
with  worm-ealing  babits.  The  "trituberailar"  form  of  the  teeth  is  probably  Mcondaiy, 
and  may  have  arisen,  as  in  the  last  molaisof  Ehuyurus  and  Phatcogah  {flattZ,fig.  2,  3), 
through  the  reduction  of  the  talonids  and  the  loss  of  the  patacones. 
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PLATE  4 

Teeth  of  omnivorous,  herbivorous,  and  leaf  eating  diprotodont  inaisu[Uals.  Sped- 
mens  in  tlie  American  Museum  of  Natural  History.    See  remarks  under  ^fo/c  Z. 

t. — Pholaniisla,  phalanger,  X  2.  2. — Bettongia,  lat-kangaioo,  X  3.  3. — Uaeropiu, 
fcAngaroo,  X  3/2.    A.—Phascelarctei,  koala,  X  3/2. 

The  upper  molars  are  now  elongate  anteroposteiiorly,  and  divided  into  subcqual 
anierior  and  posterior  moieties,  each  bearing  either  a  tranaverw  crest  or  a  V.  The  inter- 
dental spaces  are  now  filled  out  and  the  surfaces  of  the  crowns  articulate  with  Cftch  othet 
the  crests  of  the  upper  and  lower  alternating. 
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PART  II 

Stages  of  Ascent  from  the  Paleocene  Placental 
Mammals  to  the  Lower  Primates 


I.  THE  PRIMITIVE  PLACENTAL  MAMMALS  OF  THE 

PALEOCENE  AND  EOCENE  EPOCHS,  AND  THE 

ORIGIN  OF  THEIR  MOLAR  TYPES 

Origin  of  the  Placentals 

During  the  millions  of  years  of  the  Age  of  ReptUes,  when  the  dino- 
saurs were  the  "lords  of  the  swamps  and  forests,"  the  mammals,  so 
far  as  the  imperfect  palseontological  records  show,  remained  small 
and  inconspicuous.  The  multituberculates  went  on  specializing  to 
their  extinction  in  the  Paleocene  epoch,  but  were  never  a  prominent 
element  of  the  Mesozoic  fauna.  The  triconodonts  apparently  became 
wholly  extinct  in  the  Upper  Jurassic  and  were  not  ancestral  to  any  of 
the  Cretaceous  or  existing  marsupials.  Most  of  the  diversely  spec- 
ialized Jurassic  trituberculates  probably  also  died  out,  but  some  of 
the  more  primitive  ones,  such  as  Atnpkitherium,  may  have  given  rise, 
first,  to  the  marsupials  of  the  Upper  Cretaceous  and,  secondly,  to  the 
placentals  of  the  Age  of  Mammab. 

The  great  series  of  placental  orders  is  conspicuously  absent  from 
the  record  of  the  Age  of  Reptiles  as  it  stands.  Possibly  they  may 
have  been  evolving  somewhere  in  the  uplands,  out  of  reach  of  the 
swarming  reptiles  of  the  swamps,  and  thus  may  have  left  their  re- 
mains in  upland  deposits  which,  during  the  many  millions  of  years 
since  Mesozoic  time,  have  all  been  completely  eroded  away  (W.  D. 
Matthew). 

At  the  close  of  the  Cretaceous,  or  soon  afterward,  the  dinosaurs  dis- 
appear from  the  record  and,  after  a  relatively  brief  interval,  archaic 
placental  mammals  of  several  orders  appear  in  the  Paleocene  of  west- 
em  North  America  and  Europe.  As  they  are  already  typical  placentals 
and  sharply  differentiated  from  the  Upper  Cretaceous  marsupials,  they 
must  have  been  evolving  in  some  palaeontologically  unknown  region 
from  which  they  migrated  into  the  known  localities,  chiefly  in  New 
Mexico  and  Montana;  unless,  by  a  highly  improbable  evolutionary 
mirade,  they  suddenly  sprang  into  being  from  the  more  primitive 
marsupials. 

In  this  connection  it  is  necessary  to  consider  whether  the  placental 
orders  constitute  a  natural  group,  derived  from  a  single  family,  or 
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from  closely  related  families,  of  pre-placentals,  or  whether  the  pla- 
cental grade  of  organizatioa  has  arisen  independently  and  at  different 
times  from  widely  different  sources.  Wortman,  in  1904,  expressed 
the  view  that  some  of  the  placental  orders,  especially  the  Camivora, 
had  been  derived  directly  from  Cretaceous  Metatheria,  and  an  in- 
spection of  his  context  indicates  that  he  had  in  mind  particularly  the 
group  here  classed  as  polyprotodont  marsupials.  Gidley,  in  1919, 
suggested  that  "there  is  some  evidence  that  the  primates,  and  proba- 
bly some  other  orders  as  well,  have  been  derived  independently  from 
different  though  probably  more  or  less  closely  related  pre-mammalian* 
ancestral  groups."  Gidley  did  not  specify  what  the  evidence  was  for 
this  view,  which  is  a  fine  expression  of  his  favorite  "polyphyletic 
theory"  applied  on  a  large  scale.  The  general  problem  of  the  origin 
of  the  placentals  will  be  fully  discussed  by  Matthew  in  his  forthcoming 
memoir  on  the  Paleocene  faunas;  so  that  it  need  only  be  stated  here, 
that  the  present  writer  thoroughly  accords  with  him  in  the  opinion 
that  most  of,  or  probably  all,  the  orders  of  placental  mammals  have 
been  derived  from  related  families  of  pre-placental  mammals,  which 
were  in  turn  remotely  allied  with  the  ancestors  of  the  Upper  Creta- 
ceous marsupiab.  At  least  it  is  a  fact  that,  as  we  trace  backward  the 
history  of  various  placental  orders  during  Tertiary  times,  in  all  cases 
in  which  the  record  is  adequate,  the  earlier  forms  tend  toward  or 
actually  exhibit  the  following  characters: 

(1)  Dental  formula  of  adults:  If  Ci  Pi  Mf;  deciduous  dental 
formula:  Di|  Dc}  Dpi 

(2)  Upper  molars  narrow  anteroposteriorly,  evenly  trigonal,  with 
moderate  development  of  the  external  cingula. 

(3)  Lower  molars  have  a  well  developed  talonid,  bearing  a  dis- 
tinct hypoconid  and  entoconid. 

(4)  Angle  of  mandible  not  inflected ;  postglenoid  process  of  squa- 
mosal not  modified  into  an  auditory  bulla. 

(5)  General  construction  and  foramina  of  the  skull  essentially  as  in 
the  Deltatherium*  type  and  differing  in  numerous  points  from  the 
primitive  marsupial  type. 

(6)  Skeleton  extremely  primitive,  lacking  the  pronounced  arboreal 
specializations  of  the  primitive  marsupials. 

•  The  italics  are  mine.— W.  K.  G. 

*  To  be  described  by  Matthew. 
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The  placental  mammals  of  the  Paleocene  formations  of  New  Mexico 
belong  to  two  successive  faunas,  the  Pucrco  and  Torrejon,  which 
include,  besides  the  last  multituberculates,  representatives  of  several 
archaic  placental  orders.  The  latter,  for  the  most  part,  did  not  give 
rise  to  the  modernized  placental  orders,  but  belonged  to  groups  that 
died  out  in  the  Eocene,  Nevertheless,  these  numerous  archaic  Paleo- 
cene mammals,  such  as  the  mesonychid  creodonts,  the  condylarths, 
periptychids,  tsniodonts  and  zalambdodont  insectivores,  are  of  im- 
mense value  and  importance,  partly  because  they  reveal  the  ways 
in  which  primitive  dentitions  with  tritubercular  upper  molars  evolved, 
on  the  one  hand  into  the  elaborate  grinding  mechanisms  of  herbivor- 
ous mammals  and  on  the  other  hand  into  the  efficient  shearing  and 
crushing  dentitions  of  the  creodonts;  they  also  furnish  invaluable 
collateral  evidence  on  the  origin  of  the  dental  construcrion  of  the 
later  placental  orders,  such  as  the  perissodactyb,  artiodactyls,  ro- 
dents and  primates,  which  come  into  view  either  at  the  summit  of  the 
Paleocene  (Tiffany  formation)  or  at  the  base  of  the  Lower  Eocene. 
The  Paleocene  and  Eocene  placenta!  mammals  are  represented  in  the 
American  Museum  of  Natural  History  by  great  collections,  number- 
ing thousands  of  specimens,  which  deserve  far  more  attention  from 
odontologists  than  they  have  received,  since  they  afford  convincing 
proof  of  the  enduring  portion  of  the  "Cope-Osbom  theory"— that  the 
diverse  molar  patterns  of  late  mammals  have  been  derived  from  the 
primitive  tritubercular  molar  types  of  the  Paleocene. 
Origin  or  the  "Tritubercular"  Upper  Molars  of  Primitive 
Placentals 

Of  the  many  known  Paleocene  mammals,  Palaoryctes  (described  by 
Matthew  in  1913),  at  first  sight  looks  most  like  a  direct  descendant 
of  one  of  the  Jurassic  trituberculates.  The  lower  molars  have  the 
high,  pricking,  type  of  trigonid  and  the  low,  small,  talonid,  while  its 
upper  molars  also  have  a  narrow  trigonal  form  suggesting  the  Jurassic 
Stylodontidse;  but,  as  Matthew  has  shown,  the  upper  and  lower  molar 
patterns  of  this  animal  are  apparently  homologous  with  those  of  more 
normal  tritubercular  dentitions,  such  as  that  of  Didelpkodus  {fig.  45) 
of  the  Lower  Eocene.  It  also  appears  probable  that,  as  Palteorycles 
represents  the  zalambdodont,  or  centetoid,  division  of  the  insectivores, 
it  is  already  tending  toward  the  secondarily  simplified,  V-shaped, 
upper  molar  of  CenUtes  (plate  5,  figs.  A-D). 
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As  may  be  seen  by  comparing  the  upper  molars  of  Palaoryctes  with 
its  premolars,  it  is  also  highly  probable  that  the  para-  and  metacones 
of  the  molars  are  homologous  with  the  tips  of  the  premolars,  and  with 
the  apices  of  the  molars,  of  Jurassic  trituberculates,  while  its  proto- 
cones,  or  basal  internal  cusps,  appear  to  be  outgrowths  from  the  base 
of  the  crown,  homologous  with  that  of  the  fourth  premolar. 


The  mokr  teeth  of  this  minute  Paleocene  insectivore  resemble  thou  of  the  Juniric 
trituberculates  id  some  respects.    (Compare  Port  I,  p.  143.) 
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Here,  then,  is  an  example  of  a  fact  observed  in  very  many  phyla  of 
Paleocene  and  Eocene  placental  mammals,  namely,  that,  as  we  pass 
backward  from  the  anterior  premolars  through  the  fourth  premolar  to  the 
molars,  the  main  tip  of  tlie  premolar  crown  appears  to  be  homologous 
with  the  paracone  +  melacone  of  the  molars,  while  the  internal  basal 
spur  of  the  premolars  appears  to  be  homologous  with  the  so-called  "prolo- 
cones"  of  the  molars.  It  is  highly  unfortunate  that  this  cardinal 
fact  was  long  obscured  by  the  unproved  assumptions  that  the  resem- 
blance between  p'  and  m'  is  largely  secondary,  and  that  the  main  tip 
of  p*  is  homologous  with  the  internal  apex,  or  "  protocone,"  of  the  first 
molar  rather  than  with  the  paracone  +  metacone.  This  conclusion, 
now  believed  to  be  erroneous  by  nearly  all  investigators,  arose  from 
the  circumstance  that,  according  to  the  Cope-Osbom  theory,  the  para- 
and  metacones  of  the  upper,  as  well  as  of  the  lower,  molars  had  arisen, 
during  the  Mezozoic  era,  by  the  circumduction  of  the  accessory  cusps 
of  an  original  triconodont  tooth,  although  no  upper  molars  were  ever 
found  in  an  intermediate  stage  of  evolution. 

So  firmly  was  this  hypothesis  established  in  the  literature,  that  the 
contradictory  evidence  afforded  by  the  premolars  of  Eocene  and  later 
mammals  was  discarded,  and  a  separate  system  of  nomenclature  was 
early  invented  by  Scott  for  the  cusps  of  the  premolars,  in  which  the 
name  protocone  was  applied  to  the  main  apex  of  the  upper  premolars. 
Thus  arose  the  anomaly  that,  in  the  lower  premolar-molar  series,  the 
protoconids,  or  apices,  of  the  trigonids  were  rightly  regarded  as 
faranologous  with  the  apices  or  protoconids  of  the  premolars;  so  that, 
as  we  pass  backward,  the  protoconids  of  the  premolars  and  molars 
were  arranged  one  behind  the  other  in  an  anteroposterior  series  on 
the  buccal  side  of  the  crowns;  while  in  the  upper  denrition,  according 
to  the  Cope-Osborn  nomenclature,  as  we  pass  backward  from  the 
premolars  to  the  molars,  the  protocone  suddenly  shifts  from  the  buc- 
cal side  of  the  premolars  to  the  lingual  side  of  the  molars!  This 
inconsistency  was  challenged  on  embryological  grounds  by  Rose, 
Kukenthal,  Leche,  Taeker,  Marett-Tims  and  M.  F.  Woodward;  while 
Winge,  as  far  back  as  1882,  had  held  that  the  anterior  external  cone, 
or  paracone,  above,  and  the  protoconid  below,  represent  the  "rep- 
tilian cone"  both  in  molars  and  premolars.  This  conclusion  was 
alsosupported  on  palfeontological  and  comparative  anatomical  grounds 
by  Scblosser  (1891)  and  Scott.  Wortman  (1903)  and  Gidley  (1906) 
renewed  the  attack  on  this  fundamental  inconsistency  of  the  Cope- 
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Osborn  theory.  Wortman  emphasized  the  insufficiency  of  the  evi- 
dence for  the  "cusp-rotation"  hypothesis  and  clearly  formulated  the 
"premolar  analogy  theory,"  the  main  point  of  which  is  that  the  evo- 
lution of  the  molars  during  pre-Tertiary  times  probably  followed  the 
same  general  Hues  as  the  observed  evolution  of  the  premolars  in  many 
phyla  during  the  Tertiary. 

Osborn  (1907,  pp.  216-217)  was  greatly  impressed  by  the  evidence 
against  the  Cope-Osborn  view  that  the  so-called  "protocone"  of  the 
molars  of  primitive  placental  mammals  represents  the  original  rep- 
tilian cone  and,  in  collaboration  with  the  present  writer,  gave  an  im- 
partial review  of  the  whole  problem.  But  he  brought  to  the  support 
of  the  original  identification  of  the  "protocone,"  or  " anterointemal" 
molar  cusp  of  later  mammals,  with  the  original  apex  of  the  crown, 
his  later  observations  on  the  superior  molars  of  the  Upper  Jurassic 
tritubercuiate  Dryolesles.  In  this  animal  the  internal  apices  of  the 
upper  molars  have  the  appearance  of  being  homologous  with  the  so- 
called  "protocones"  of  Tertiary  mammals  and  Osborn  took  it  for 
granted  that  they  were  so.  But,  as  shown  in  Part  I  of  this  paper, 
a  comparison  of  the  upper  teeth  of  Dryolesles  and  of  Kurlodon,  with 
those  of  their  contemporary,  Peralesles,  affords  convincing  evidence 
that,  in  all  three  genera,  the  protocones  or  apices  of  the  upper  molars 
are  serially  homologous  with  the  apex  of  the  last  upper  premolar. 
Now,  in  PaUsoryctes,  Didelpkodus,  and  many  other  Paleocene  and 
later  mammals,  the  apex  of  the  last  upper  premolars  is  apparently 
the  serial  homologue  of  the  paracone  -J-  metacone  of  the  molars,  not 
of  the  so-called  "protocone."  Hence  it  appears  that  the  apices  of 
the  Dryolesles  upper  molars  and  premolars  are  not  homologous  with 
the  "protocones"  of  molars  of  later  mammals  but  with  the  tips  of 
their  premolars,  and  with  the  para-  and  metacones. 

On  the  inner  side  of  these  internal  tips  of  the  premolars  and  molars 
of  Dryolesles,  Osborn  figured  the  beginm'ngs  of  a  basal  cingulum  (com- 
pare plate  5E).  A  similarly  situated,  but  better  developed,  basal  cin- 
gulum in  later  mammals  may  be  traced  from  the  premolars,  where  it 
gives  rise  to  the  so-called  "  deuterocone"  or  internal  spur,  backward 
to  the  "protocone"  of  the  molars. 

To  return  to  Palaoryctes:  (1)  The  lower  molars  of  this  animal  have 
low  and  small  talonids;  and,  in  correlation  with  this  fact,  we  find  that 
the  protocones  or  internal  cusps  of  the  upper  molars,  as  well  as  the 
internal  spur  of  the  fourth  premolar,  are  small  and  unexpanded, 
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because  the  protocones  of  the  upper  molar  fit  into  the  basins  of  the 
talonids  of  the  lower  molars — and  if  one  is  small,  the  other  must  also 
be  small.  (2)  The  para-  and  metacones  of  Palaorycles  are  small  and 
closely  appressed,  one  to  the  other,  and  located  well  toward  the  lin- 
gual side  of  the  tooth.  This  is  correlated  with  the  small  size,  and 
especially  with  the  narrow  transverse  diameter,  of  the  hypoconid  or 
posteroexternal  cusp  of  the  talonid,  because,  when  this  cusp  is  ex- 
panded transversely,  as  I  have  already  shown,  it  pushes  the  para- 
and  metacone  apart,  and  tends  to  increase  the  anteroposterior  diame- 
ter of  the  tooth.  (3)  The  external  cingulum  and  its  cusps  are  well 
developed  in  Palteorycles,  and  this  is  usually  the  case  among  mammals 
in  which  the  para-  and  metacones  are  located  well  toward  the  lingual 
side  of  the  crown.  (4)  The  triangular  interdental  spaces  of  the  upper 
molars  are  relatively  large,  because  the  primitive  high  trigonids  fit 
solely  into  these  interdental  spaces  and  do  not  overlap  on  the  crowns 
of  the  upper  molars.  All  these  characters,  which  recall  the  condi- 
tions in  Jurassic  tritubercuiates,  may  well  be  secondary  in  Palceorycks, 
because  this  genus  was  evidently  tending  toward  the  modem  zalamb- 
dodont  insectivores,  which  are  in  many  ways  degenerate  and  special- 
ized, and  in  which  the  para-  and  metacones  become  entirely  confluent 
and  widely  displaced  toward  the  lingual  side  of  the  crown,  the  internal 
ledges,  or  protocones,  finally  becoming  vestigial,  as  shown  by  Leche, 
by  Gidley  (1906),  and  by  Matthew  (1913). 

(5)  All  the  elements  of  the  Paltsorycytes  premolars  and  molars  are 
evidently  homologous  with  the  more  normal  conditions  retained  in 
Didelphodus,  which,  together  with  the  primitive  Oxyclainids,  are  far 
more  central  types. 

The  vast  time-interval  between  the  Paleocene  Palaoryctes  and  the 
Jurassic  tritubercuiates  warns  us  against  deri^'^ng  the  former  directly 
from  the  latter;  and  the  frequency  with  which  similar  dental  patterns 
are  brought  about  by  convergent  evolution,  in  widely  different  orders 
of  mammals,  inspires  further  caution.  Nevertheless,  Palaoryctes, 
Didelphodus,  Aplernodus,  and  various  other  early  placental  mammals, 
in  which  the  paracones  are  more  lingually  placed  and  the  external 
cingulum  cusps  are  strongly  developed,  aid  us  in  recognizing  the  fol- 
lowing fact,  which  has  never  before  been  clearly  formulated,  namely, 
that  the  homologue  of  the  trigonid  of  the  lower  molars  is  not  the  so-called 
"  trigon"  of  the  upper  molars,  formed  by  the  tips  of  the  proto-,  para-,  and 
metacones,  but  it  is  the  triangle  formed  by  the  tips  of  the  paracone,  para- 
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style  and  melastyle.  These  original  trigons  of  the  upper  molars  alter- 
nate with  the  interdental  spaces,  which  are  filled  in  occlusion  by 
the  trigonids  of  the  lower  articulating  molars,  the  apex  of  the  primary 
trigon  being  on  the  lingual  side  while  that  of  the  trigonid  is  on  the 
buccal  side. 

The  secondary  trigon,  long  confused  with  the  primary  trigon,  later 
arose  through  the  Ungual  growth  of  the  internal  basal  cingulum,  cor* 
related  with  the  overlapping  of  the  lower  molar  talonid  upon  the  inner 
side  of  the  upper  tooth.  The  primary  trigon  lost  its  triangular  char- 
acter  through  the  separation  of  its  para-  and  metacones,  correlated 
with  the  transverse  widening  of  the  talonids,  and  the  consequent  de- 
velopment of  large  hypoconids,  which  wedge  between  the  para-  and 
metacones. 


Fig.  44.  Diacrah  Illustrating  (1)  the  Probable  Mode  op  Origin  ot  tbe  Molaxi- 
FORu  Patterns  of  Primitive  Placentals,  and  (2)  the  Correlated 
Evolution  of  Upper  and  Lower  T^etk 
Successive  stages  are  shown  in  pasdog  from  the  ample  anterior  premolars,  which 
have  only  the  primary  trigoQ,  backward  to  the  molars,  in  which  the  secondary  trigon 
arises  through  the  inward  growth  of  the  "protocones"  and  the  division  of  the  primitive 
apex  into  two  cusps,  the  para-  and  the  metacones.    This  hypothesis  iq  based  on  indirect 
evidence  and  awaits  direct  palEContological  confirmation,  as  the  upper  molars  of  the  oldest 
known  placental  mammals  of  the  Paleocene  had  already  acquired  the  secondary  trigon 
in  the  upper,  and  the  expanded  talonid  of  the  lower,  molars,     pr,  protocone;  fa,  para- 
cone;  me,  mctacone;  fr',  protoconid;  me',   metacoiud;  hy',  hypoconid,  «■',  entoconid. 

In  the  majority  of  placentals  the  talonids,  rapidly  increased  id 
transverse  diameter.  This  not  only  caused  the  anteroposterior  sepa- 
ration of  the  para-  and  metacones,  but  often  tended  to  push  them 
toward  the  buccal  side  of  the  crown,  as  in  many  carnivores  and  pri- 
mates, where  the  para-  and  metacones  finally  lie  on  the  buccal  side 
of  the  crown,  and  the  external  cingulum,  primitively  forming  a  large 
part  of  the  outer  side  of  the  crown,  becomes  reduced  or  obsolete.  By 
these  stages  the  primary  trigon  is  almost  completely  e£aced  and  a  second- 
ary trigon,  consisting  oj  the  prolo-,para-,  and  metacones,  stands  in  its  place. 

If  this  has  been  a  universal  rule,  as  I  think  it  has,  then  many  phyla 
of  placental  mammals  were  well  advanced  toward  this  stage  when 
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they  first  become  known  in  the  Paleocene  and  Eocene,  but  only  the 
final  stages  of  the  transition,  namely,  the  further  development  of  the 
talonid,  the  separation  of  the  para-  and  metacones,  and  the  reduction 
of  the  external  cingulum  cusps,  are  actually  known.  This  would  ex- 
plain the  failure  to  recognize  the  differences  between  the  primary 
tr^n  and  the  secondary  trigon,  which  has  given  rise  to  so  much  con- 
fusion in  the  nomenclature.  Meanwhile,  the  primary  trigonids  of 
the  lower  molars  were  often  retained  for  the  reason  that  they  con- 
tinued to  wedge  between  successive  upper  molars,  while  a  secondary 
or  posterior  trigonid,  including  the  hypoconid,  the  crista  obliqua,  and 
the  entoconid,  was  developed  on  the  crown  of  the  talonid. 

The  oblilfraHon  of  the  primary  Irigon,  and  the  development  of  a  sec- 
ondary trigon  and  a  secondary  trigonid,  is  the  opposite  specialization 
from  that  in  the  zalambdodont  insectivores,  in  which  the  para-  and  meta- 
cones are  displaced  toward  the  lingual  side,  while  the  talonids  become 
reduced  and  the  outer  or  stylar  cusps  become  very  conspicuous  (see  Mat- 
thew, 1913).  Possibly,  Aptemodus  Matthew  of  the  Lower  OUgocene, 
and  the  existing  ChrysocfUoris,  represent  a  stage  in  which  the  primary 
trigon  has  been  retained,  while  the  secondary  trigon  has  never  pro- 
gressed beyond  the  first  stage,  through  the  budding  off  of  the  basal 
internal  cusp  of  the  upper  molars  to  give  rise  to  the  low  protocones. 
{Plate  5,  figs.  Fa.ndG.) 

Origin  op  Omnivoeous  and  Herbivorous  Types  op  Molars  in 
THE  Early  Placentals 

Up  to  this  time  we  have  been  dealing,  in  the  placental  mammals, 
with  teeth  that  were  trigonal  in  form,  whether  exhibiting  the  primary 
trigon  or  the  secondary  trigon,  or  a  combination  of  the  two.  In  all 
such  teeth,  the  interdental  spaces  between  the  upper  molars  are 
con^cuous  and  receive  the  whole  of  the  trigonids  of  the  lower  teeth. 
But,  with  the  great  expansion  of  the  talonid,  which  in  many  lines  had 
begun  even  before  the  Paleocene,  there  was  a  corresponding  widening 
anteroposteriorly  of  the  protocone;  and,  as  we  pass  upward  toward 
omnivorous  and  herbivorous  types  of  later  ages,  there  is  a  steady  in- 
crease in  the  anteroposterior  diameter  of  the  whole  tooth,  correlated 
not  only  with  the  expansion  of  the  protocones  and  talonids  but  also 
with  the  separation  of  the  para-  and  metacones. 

WkiU  the  progressive  overlapping  of  the  talonids  conditioned  the  de- 
vdepment  ef  the  protocones  of  the  upper  molars,  the  later  expansion  of 
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the  trigonids,  overlapping  the  posterointernal  sides  of  the  upper  molars, 
conditioned  the  development  of  the  hypocones,  or  posterointernal  cusps. 
A  similar  development  in  the  dentition  of  the  marsupials  has  beea  de- 
scribed in  Part  I  of  this  work.    The  typical  hypocones  of  placental 


Fig.  45.  Left  Upper  and  Lower  Teeth  of  a  Prihitive  Insectivobe,  Diddphodiis 
absaroka,  frou  the  Lower  Eocene  of  Wvouing.    X3/1 
After  Matthew.    (Compare  fig.  47) 
The  sharp  blades  of  the  trigonids  of  the  lower  molars  shear  past  the  blades  of  the  up- 
pers.   The  narrowness  of  the  protocories,  and  the  nearly  central  podtion  of  the  para-  and 
metacones,  are  correlated  with  the  transverse  narrowness  of  the  talonids.     See  j!g.  47,  A . 
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Fig.  46.  Left  Upper  and  Lowxr  Cheek-Teeth  of  Haploconus  linealus,  a  FRnirnvx 
Placental  Mamual  with  Tritubercular  Upper  Molars,  frou  the 
Paleocene  of  New  Mexico.    X2.    After  Osborn 
By  the  beginning  of  the  Paleocene,  the  tritubercular  molar  type  had  been  fully  at- 
tained in  most  phyla  of  placental  mammals;  and  was  already  undergoing  diveise  modi- 
fications tending  toward  the  highly  specialized  molar  patterns  of  latei  ages,    pa,  para- 
cone;  me,  metacooe;  pr,  protocone;  hy,  hopocone;  pr^,  protoconid;  m^,  roetaconid;  hy*, 
hypoconid;  en',  cnloconid;  mr*,  hypoconulid  (mesoconid). 

mammals  arose  as  upgrowths  from  the  posterointernal  ctngulum  of 
the  upper  molars,  which  overlapped  into  the  basins  of  the  trigonids 
of  the  lower  molars.  As  the  hypocones  develop  the  interdental  spaces 
between  the  upper  molars  gradually  become  smaller  and  are  finally 
crowded  out. 

When  this  stage  is  attained,  the  trigonids  no  longer  fit  into  the 
intei"dental  spaces  but  they  now  articulate  with  the  expanded  sur- 
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faces  of  the  upper  molar  crowns.  The  anteroextemal  sides  of  the 
trigonids  now  shear  past  the  expanded  metaconules.  The  basins  of 
the  trigonids  receive  the  hypocones  of  the  upper  molars,  while  the 
paraconids,  if  retained,  very  often  articulate  between  the  protocones 
and  the  hypocones.  The  posteroexternal  slopes  of  the  protoconida 
now  shear  past  the  anterior  slopes  of  the  protoconules,  while  the  pro- 
toconids  thus  articulate  between  the  paracone  of  one  upper  molar 
and  the  metacone  oF  the  next. 


(Compare  fig.  43) 


Fic.  47.  Occlusal  Relations 


]. — Didelphodiis  absaroka,  a  primitive  insectivore  with  tuberculo-sectorial  lower,  and 
trigonal  upper,  molars.  The  interdental  spaces  are  still  widely  open  and  the  talonida 
are  not  expanded.     X6 

2. — Mtniicolkerium  chamense,  an  herbivorous  mammal  (Order  Condylarthra)  with 
relatively  complex  upper  molar  pattern.  The  paracone  and  metacone  are  V-shaped, 
and  so  is  the  protoconule;  the  metaconule  bears  an  oblique  straight  crest;  the  hypocones 
ar«  prominent,  acuminate.  The  protoconc  is  conical.  In  the  loner  molars  the  trigonid 
is  V-shaped,  with  reduced  paraconid,  and  the  lalonid-V  is  wide.     Enl.irged. 

3. — Pkenocodut  bracbyplernus,  a  primitive  condylarth  with  conical  upper  raolat  cusps 
and  well  developed  hypocones.  In  the  lower  molars,  ihe  paraconid  is  absent  and  the 
principal  cusps  are  arranged  in  two  p:iirs  which  lit  between  corresponding  pairs  on  the 
upper  molais. 


110 


WILLIAM  K.  GSEGOKY 


Since  the  old  shearing  and  interlocking  relations  have  now  been  largely 
superseded  through  the  anteroposlerior  spreading  oj  the  upper  molars, 
new  and  diverse  shearing  adaptations  are  often  developed  by  the  elabora- 
tion of  sharp  crests  on  the  surfaces  of  the  crowns.  These  higher  stages 
are  attained  in  various  ways,  such  as  (1)  by  the  emphasis  of  one  or 
the  other  slopes  of  the  proto-  and  metaconules;  (2)  by  the  subsequent 
connection  of  these  intennediate  ridges  with  the  four  main  cusps;  (3) 
by  the  development  of  a  large  V  or  crescent  on  one  or  all  of  the  cusps; 
(4)  by  the  confluence  of  the  para-  and  metacones  into  an  ectoloph. 
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Fig.  4S.  Left  Upper  t. 


Given  the  four  main  cusps,  protocone,  paracone,  metacone,  and  hypo- 
cone,  and  the  two  iatermediate  cusps,  the  proto-  and  the  metaconule, 
there  is  a  wide  range  of  possibilities  in  the  maimer  in  which  these  may 
be  connected  one  with  the  other  to  form  effective  shearing  and  crushing 
relations  with  the  homologous  elements  of  the  lower  teeth.  In  the 
great  series  of  ungulate  orders,  we  find  remarkably  diverse  develop- 
ments of  these  possibilities,  which  have  been  set  forth  by  Osbom  and 
others,  and  which  afford  diagnostic  patterns  of  the  molars  in  the 
multitudinous  families  of  this  group. 
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The  underlying  tritubercular  pattern  is  obscured  not  only  by  these 
secondary  complications,  but  is  often  more  or  less  completely  effaced 
as  a  result  of  the  rapid  vertical  deepening  of  the  crown  and  the  further 
folding  and  twisting  of  its  crests.  This  "hypsodont"  transformation, 
which  is  very  prevalent  in  the  numerous  famihes  of  ungulates  and 
rodents,  compensates  for  the  rapid  grinding  down  of  the  crown  by 
^cious  and  woody  material  in  the  food. 

n.  INTRODUCTION  TO  THE  STUDY  OF  THE  EVOLUTION 
OF  THE  TEETH  IN  THE  PRIMATES.  DEPENDENCE  OF 
ODONTOLOGY  UPON  PALAEONTOLOGY  AND  TAXON- 
OMY, OR  CLASSIFICATION  ACCORDING  TO  KINSHIP 

The  lines  of  evolution  of  the  molar  patterns  described  above  have 
not  been  discovered  through  an  exclusive  examination  of  the  dentition. 
They  are  rather  a  by-product  of  innumerable  studies,  by  palicontolo- 
gists  and  systematists,  on  the  anatomy  and  classification  of  recent  and 
fossil  mammals.  Even  studies  on  the  chronological  succession,  geo- 
graphic distribution  and  centers  of  dispersal  of  animals,  and  upon 
the  palieogeographic  histories  of  the  countries  in  which  they  are  found, 
have  had  an  indirect  bearing  upon  our  knowledge  of  the  evolution 
of  the  teeth  of  mammals,  since  such  investigations,  supplementing 
the  morphological  and  taxonomic  data,  have  brought  to  light  many 
cases  where  more  or  less  similar  dental  patterns  have  been  produced  at 
different  times,  in  different  places,  and  among  widely  different  stocks. 
Accordingly,  modern  paleontologists  are  cautious  about  basing  phylo- 
genetic  or  evolutionary  hypotheses  on  the  evidence  of  similarities  in 
teeth  alone,  unless  the  dental  patterns  compared  be  either  very  com- 
plicated or  exceptionally  peculiar  and  characteristic.  It  was  formerly 
thought,  for  example,  that  the  Eocene  creodonts  of  North  America 
were  more  or  less  intermediate  between  the  carnivorous  marsupials 
and  the  typical  placental  carnivores,  but  it  is  now  recognized  that 
quite  similar  adaptations  to  the  shearing  of  flesh  were  independently 
produced  at  different  times  and  in  different  places  in  all  three  groups. 

/(  has  not  always  been  realized  that,  to  be  well-founded,  theories  of  the 
ev^uHon  of  the  dentition  must  rest  upon  a  broad  palceontological  and 
morphological  base,  and  that  the  study  of  taxonomy,  or  classification 
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accordini>  to  phylelic  relationships,  is  the  very  cornerstone  of  such  a  base. 
For,  without  a  full  understanding  of  the  taxonomic  position  and  rela- 
tionships of  the  organisms  studied,  it  is  easy  to  put  too  high  a  value 
upon  random  comparisons  of  structures  in  members  of  widely  sepa- 
rated groups.  A  considerable  part  of  aaalomical  literature  seems,  in- 
deed, to  he  filled  with  scattered  comparisons  of  a  few  terminal  and  widdy 


Fig.  49,    Heaiw  at  Tamus  and  of  Re  present  ath-e  LEKiBOios.     X  J.    After  Pococe. 
(Drawij  from  SpraiT  Specwens) 

A. — Tanim.  Suborder  Tarsbidea.  Family  Tarsiida.  B.—IIemigalago  dtmido^i. 
Suborder  Lemuroidea,  Scries  Lorbiformcs,  Family  Galagidi.  C. — Chirognlaa  major. 
Suborder  Lemuroidea,  Series  I*muriformc5.  Family  Lemuridx,  Sub-family  Chirogaleinie. 
D. — Perodiclkiis.  Suborder  Lemuroidca,  Series  Lorisiformes,  Family  Lorisidte  (Nyctice- 
bids). 

separated  twigs  on  di_fferenl  boughs  and  stems  of  the  vast  phylogenetic 
tree  of  the  vertebrates.  For  example,  the  advocates  of  the  concrescence 
theory,  in  its  cruder  form,  point  to  the  concrescence  of  teeth  in  the  elas- 
mobranchs  in  support  of  their  view  that  mammalian  molars  have 
arisen  through  the  concrescence  of  separate  teeth,  or  of  separate  tooth 
germs,  not  realizing  the  tremendous  taxonomic  and  chronological 
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gap  between  man  and  the  elasmobranchs,  or  the  fallacy  of  passing  from 
one  to  the  other  without  considering  the  intervening  stages.  Even 
at  the  present  day  there  are  those  who  point  to  chance  cases  of  con- 
crescence between  adjacent  teeth  of  modern  mammals  as  evidence  for 
the  baseless  hypothesis  that  mammalian  molars  originally  arose  in 
this  manner  millions  of  years  ago  in  the  prototherian  ancestors  of  the 


In  considering  the  evolution  of  llie  human  dentition  we  must  constantly 
lake  into  account  the  taxonomic  relations  of  man  to  other  primates.  For 
the  proper  understanding  of  the  subject  it  will  naturally  make  a  great 
difference  whether  man  is  an  offshoot  of  the  Old  World  series,  whether 
he  has  been  derived  from  some  South  American  monkey,  whether 
the  human  stem  is  remotely  related  to  Tarsius,  or  is  an  entirely  dis- 
tinct family  tracing  its  independent  Une  back  to  the  stern  of  the  pri- 
mates in  pre-Tertiary  times.  It  will  therefore  be  worth  while  to 
summarize,  briefly  at  this  point,  the  history  of  the  classification  of 
the  Primates  in  so  far  as  it  relates  to  the  taxonomic  position  of  man. 

Even  before  the  time  of  Linnicus  various  observers  noted  the 
marked  structural  similarities  between  man  and  the  apes,  which 
were  especially  evident  in  Tyson's  classic  studies  on  the  anatomy 
of  the  chimpanzee  (1699);  but  the  doctrine  of  special  creation  had 
so  firm  a  hold  that  it  long  inhibited  recognition  of  the  significance  of 
such  facts.  One  of  the  greatest  discoveries  of  Linnxus  was  his  clear 
recognition  that  man  is  anatomically  a  member  of  the  class  Mammalia 
and  that  among  all  living  animals  his  nearest  relarives  are  the  apes 
and  monkeys.  Therefore  Linnaeus,  in  1759,  grouped  them  with  man 
imder  the  order  Primates,  which  he  placed,  in  his  Systema.Natune,  at 
the  head  of  the  animal  kingdom.  The  recognition  of  this  cardinal 
taxonomic  fact  prepared  the  way  for  the  subsequent  discovery  that 
man  had  evolved  out  of  some  primitive  primate  stock. 

As  anatomical  and  taxonomic  research  progressed,  it  became  evi- 
dent to  the  majority  of  investigators  that  man  belonged  among  the 
Old  World  series  of  primates,  and  that  the  surviving  representatives 
of  the  order  may  be  distributed  as  follows : 
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Suborder  Lemuroidea 


Suborder  Anthropoidea 


I  Lemurs  of  Madagascar 
Lorises,  galagos,  etc.,  of  Asia  and 
Africa 
Tarsius  of    Borneo   and   other 
Malayan  islands 

Platyrrhinie   (New  World  mon- 
keys) 

Cebidx:    capuchins,    howlers, 
etc. 
J      Hapalids:  marmosets 
Catarrhinje  (Old  World  series) 
CercopitheddEE :    monkeys    of 

Asia  and  Africa 
Simiidfc:  anthropoid  apes 
[     Hominida::  men 


Recent  researches  by  Pocock  and  others  make  it  advisable  to  sepa- 
rate Tarsius  and  its  allies  from  the  lemurs,  as  a  distinct  suborder, 
Tarsioidea,  combining  features  of  the  other  two  suborders.  Wood- 
Jones,  the  prosector  of  the  Zoological  Society  of  London,  will  not  ad- 
mit that  the  lemurs  are  primates  at  all  and  regards  man  as  a  special 
branch  from  the  stem  of  the  Tarsioidea,  thus  removing  him  entirely 
from  the  suborder  Anthropoidea.  This  proposed  new  alignment  will 
be  discussed  below,  and  also  more  fully  in  other  papers,  but,  for  the 
purposes  of  the  present  article,  the  groups  given  above  will  be  accepted 
as  practically  established  through  the  long  and  world-wide  process 
of  research  and  criticism  to  which  the  problem  of  the  relationship  of 
man  has  been  subjected, 

m.  THE  LEMUROID   PRIMATES   (EOCENE  TO  RECENT) 

Are  the  Lemurs  True  Primates  or  Pseudo-Primates? 

Before  taking  up  the  pateontological  history  of  the  dentition  of  the 
Primates,  it  is  necessary  to  consider  briefly  the  relationships  of  the 
Lemuroidea  to  the  remaining  Primates  and  to  other  orders  of  mam- 
mals.   Wood-Jones  (1918,  p.  26)  is  not  willing  to  admit  that  the 
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lemurs  are  true  primates  at  all,  and  therefore  ascribes  all  their  resem- 
blances to  the  primates  to  a  retention  of  primitive  arboreal  characters 
and  to  convergent  evolution.  If  this  were  true,  it  would  render  nuga- 
tory the  subsequent  comparisons  of  the  dentition  of  recent  and  fossil 
lemurs  with  those  of  the  higher  primates. 

In  a  recent  memoir  (1920)  on  the  American  Eocene  lemurs  I  have 
discussed  the  relations  of  the  lemuroids  to  the  higher  primates  and 
have  concluded  that  the  evidence  is  all  against  their  proposed  separa- 
tion imder  a  distinct  order.  It  is  true  that  the  method  of  placentation 
in  typical  lemurs,  so  far  as  known,  is  radically  different  from  that  of 
Tarsius  and  the  higher  primates,  and  that  every  one  of  the  modem 
lemurs  has  in  many  respects  become  specialized  away  from  the 
primitive  primate  conditions.  But  most  investigators  have  recog- 
nized that  in  the  totality  of  their  organization  even  the  existing 
lemurs  are  at  least  the  nearest  relatives  of  the  primates  among  all  the 
orders  of  mammals. 

The  suborder  Lemuroidea  embraces  a  very  wide  range  of  forms. 
The  more  primitive  Eocene  lemuroids  retain  a  number  of  primitive 
mammalian  characters,  especially  in  the  skull  and  dentition,  whUe  the 
later  and  more  advanced  forms  closely  parallel  the  higher  primates, 
so  that  the  systematic  position  of  some  of  them  was  once  in  doubt, 
on  account  of  the  very  progressive  and  monkey-like  appearance  of 
thar  cranium  and  face.  But,  as  shown  by  Forsyth  Major  and  others, 
(1)  it  is  now  well  established  that  these  monkey-like  lemurs  {Archao- 
lemur,  Nesopithecus)  are  true  lemuroids  and  in  no  sense  transitional  to 
the  higher  primates,  and  that  their  resemblances  to  the  monkeys  are 
an  expression  of  parallel  or  homoplastic  evolution.  Nevertheless,  this 
fact  in  itself  considerably  strengthens  the  claims  of  the  Lemuroidea  as 
a  whole  to  be  considered  as  true  primates,  because  it  has  frequently 
been  observed  by  ptUaontologists  that  parallelism  is  more  complete  and 
delailed  in  nearly  related  than  in  -widely  removed  stocks.  (2)  Some  of 
the  recent  and  fossil  Lorisida;  (Nycticebida;)  closely  parallel  the 
tarsioids  in  skull,  dentition  and  limbs,  so  that  formerly  I  had  dif- 
ficulty in  deciding  what  characters  are  due  merely  to  parallelism  and 
what  may  indicate  a  closer  relationship.  The  resemblances  between 
some  of  the  galagos  and  Tarsius  are  so  numerous  and  detailed  that, 
even  after  parallelism  has  been  well  discounted,  a  substantial  agree- 
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ment  in  stem  characters  is  surely  indicated.  (3)  While  some  of 
the  lemuroids  appear  to  be  remotely  comiected  by  numerous  stem 
characters  with  the  tarsioids,  others,  especially  among  the  American 
Eocene  forms,  appear  to  be  evolving  toward  the  South  American 
monkeys. 

In  brief,  and  without  setting  forth  the  full  evidence  in  this  place, 
it  may  be  stated  that  the  right  of  the  Lemuroidea  to  he  included  under 
the  order  of  Primates  seems  much  clearer  at  the  present  lime  than  it  was 
to  Mivart  and  to  Milne-Edwards. 

Origin  of  the  Primates 

From  the  Paleocene  formations  of  the  west  no  undoubted  primates 
are  known,  although  very  possibly  Indrodon,  of  the  family  Mixodec- 
tidK,  a  genus  with  primitive  molars  but  somewhat  specialized  pro- 
cumbent incisors,  may  be  related  more  remotely  to  the  Primates  and 
more  closely  to  the  Menotyphla.  The  latter  group  is  represented  at 
the  present  day  by  the  Tupaiidae,  or  tree-shrews,  and  the  Macros- 
celididje,  or  jumping  shrews.  The  recent  Tupaiidie  are  more  or  less 
lemur-like  in  general  appearance  as  well  as  in  many  anatomical  and 
osteological  details,  so  that  they  are  probably  the  nearest  living 
relatives  of  the  pre-Tertiary  ancestors  of  the  Primates.  Their  feet 
and  limbs  are  less  specialized  for  arboricolous  habits,  but  seem  to  be 
of  sub-Primate  type. 

A  second  Paleocene  and  Eocene  family,  having  claims  to  be  included 
in  the  order  of  Primates,  is  the  Plesiadapidfe,  which,  in  the  Tiffany 
formation  at  the  summit  of  the  Paleocene,  is  represented  by  Noiho- 
dectes  (Fig.  54),  a  genus  with  enlarged  and  shrew-like  front  teeth,  and 
with  molars  recalling  those  of  Pelycodus  and  other  Eocene  primates. 
The  skeleton  of  Nothodectes  shows  many  significant  resemblances  to 
the  Tupaiid  type,  but  is  more  primitive  and  at  the  same  time  recalls 
that  of  the  Eocene  lemuroids,  especially  the  NotharcUdie.  In  the 
Lower  Eocene  of  Europe  a  related  genus,  Plesiadapis,  also  has  enlarged 
front  teeth  and  primate-like  molars,  and  is  referred  to  the  order 
Primates  by  Stehlin,  the  leading  authority  on  the  Eocene  Primates  of 
Europe.  In  1910,  I  argued  that  the  existing  tree-shrews  have  pre- 
served many  intermediate  conditions  tending  to  connect  the  Primates 
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Fig.  50.  Upper  Teeth  or  Possible   Relatives  of  the   Existing  Tree-Shbews, 

FROH  THE   PALEOCENE  OP  NEW   MEXICO.     APTER  OSBORN 

U—Indradanmalaris.    Amer.  Mus.,  uo.  30S0.     X3.     (See  note  on  p.  liv  ) 
2. — Uixodecles  sp.     Amer.  Mus.,  no,  833.     X3. 


<£)«^ 


Fio.  51,  Uppkk  TEtTH  OP  Existing  Tiii:ii:  Sut 
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with  unknown   Mesozoic  Insectivora  of  arboricolous  habits.    All 
recent  evidence  tends  to  confirm  this  view. 

The  American  Eocene  family  of  Hyopsodontidse,  which  were  for- 
merly referred  to  the  Primates  and  which  resemble  the  Notharctidse 
in  many  characters  of  the  molars,  have  been  removed  from  the  order 
by  Wortman;  and  were  later  shown,  by  Matthew,  to  belong  with  the 


FlO.  52.  Lower  Jaw  (Left  Side)  of  Enlomotesles  p-angeri,  A  Possibiz  Szlativi  OV 
THE  Tbee-Shrews.    Auer.  Mus.,  no.  11,485.    Middle  Eocene,  Wiouho. 
X6.    After  Maitkew 


Fig.  S3,  SKOLt  and  Mandible  of  the  Pen-Tailed  Tree-Shbew,  Psiioccrcm  Umii. 
U.  S.  Nat.  Mus.,  no.  112,011.    X2 
The  skull  and  dentition  present  many  points  of  resemblance  to  those  of  primitive 
primates. 


EVOLUTION   OF  THE  HVMAS   DENTITION 


119 


Condylarthra,  or  prutiilivc  ungulates.  Their  resemblances  to  the 
Primates  (jig.  55)  afford  a  good  example  of  ihe  parallelism  that  is 
often  developed  in  the  dentition  of  animals  that  are  shown  by  the 
construction  of  the  limbs  to  belong  in  different  but  related  orders. 


54.  Upper  and  I.ohkh  Teeth  <. 
Tios  (Slmmit  of  Paleocese) 

Amkr.  Mrs,,  SOS.  17,171  (i 


Xollioilcctci  gidliyi,  fkdu  tick  Til 
F  Coi-oKADO.    X3.    After  ,\I,\t 
17.17+  {[...wkr) 


An  American  rcprescntaliveof  thrcTtincl  Kuroptan  family,  Pleaadapiilit.  As  shown 
by  the  construclion  of  the  [iml>s,  lliis  aniniul  is  probably  rululed  tn  tlic  Ircc-shruivs  anil, 
more  remotely,  to  the  Frimalcs. 
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The  Primitive  Lemuroids  (Notharctid^)  of  the  American  Eocene 

Thanks  chiefly  to  the  intensive  work  of  American  Museum  explo- 
rations under  Granger,  we  can  follow  the  evolution  of  the  dentition 
of  the  Notharctidte  through  a  long  series  of  ascending  forms.  The 
oldest  members,  from  the  base  of  the  Lower  Eocene,  are  very  small, 
the  lower  molar  series  measuring  ordy  11-14  mm.  in  length.  As  we 
pass  upward,  the  size  gradually  increases  until,  at  the  summit  of  the 
Middle  Eocene,  Notkarctus  crassus  is  an  animal  about  as  large  as 
a  howler  monkey  and  its  lower  molars  measure  20-23  mm.  in  lengthy 
(Cf.  Plate  6.) 


Fic.  55,    CoMPAMsoN  OF  THE  Upfer  Molars  or  Priuiti\'e  Primates  U)  and  Condy- 

LARTHS   (Z,  3.) 

—Ptlycodus Irlgonodiis.   Afler  Matthew.      X2.      Z.—Hafiomylui  speirianui.     After 


Matthew.     X2.    3.—Hyopiodus  mentnlis.     After  Matthe^v. 


10/3. 


Similarly,  among  the  Eocene  tarsioid  series,  the  older  and  more  prim- 
itive members  are  very  small.  There  is,  in  brief,  strong  evidence  for 
the  view  that  the  stem  primates  were  quite  small  animals,  even  smaller 
then  the  existing  tree-shrews,  and  of  primitive  insectivorous  habits. 
That  they  were  also  arboricolous  is  shown  by  the  relatively  high  de- 
gree of  adaptations  for  such  habits  exhibited  in  the  skeleton  of  their 
descendants,  the  Eocene  primates.  The  skull  in  the  older  Lower 
Eocene  species  of  the  Notharctidie  is  known  from  fragments  which 
indicate  that  the  orbits  were  relatively  a  little  larger,  and  the  zygo- 
matic arches  and  temporal  crests  less  well  developed,  than  in  the 
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later  and  larger  species,  enpedally  Notharctus  crassus.    The  skull  of 
the  Middle  Eocene  Notharctus  osborni  is  shown  in  fig.  56. 

The  systematic  position  and  relationships  of  the  Notharctidie  are 
largely  determined  by  the  leniuroid  characters  of  the  skull  and  skele- 
ton. The  orbit,  as  in  lemurs,  was  not  separated  from  the  temporal 
fossa  by  a  bony  partition  but  merely  by  a  post-orbita!  process  of  the 
frontal,  connected  on  the  orbital  rim  with  a  similar  upgrowing  process 
of  the  malar.  The  whole  construction  of  the  skull  closely  resembles 
that  of  modem  lemurs,  with  the  important  exception  that  the  brain- 
case  and  the  brain  itself  were  much  less  expanded,  and  consequently 
more  primitive  and  more  like  those  of  other  Eocene  mammals.    Even 


the  minute  characters  of  the  bony  cochlea,  the  bony  canals  for  the 
internal  carotid  and  stapedial  arteries,  the  construction  of  the  audi- 
tory buUiE  and  surrounding  parts,  and  the  form  of  the  auditory  ossi- 
cles, were  all  of  lemuroid  type.  The  same  is  true  of  the  characters 
of  the  backbone,  pectoral  and  pelvic  girdles,  and  the  limbs.  The 
Notharcdda,  so  far  as  our  evidence  goes,  were  confined  to  the  New 
World  and  may  well  have  given  rise  to  the  New  World  monkeys,  as 
suggested  by  Leidy  and  by  Wortman.  But  they  are  also  rather 
closely  related  to  the  Adapidx  of  the  Eocene  of  Europe  and  may  even 
be  placed  in  the  same  family  with  them.  I'he  dental  formula  of  the 
Notharctidse  (I5  Ci  Pj  M^)  lacks  but  one  incisor,  on  each  side 


WILUAM  K.   GKEGORY 


Fic.  57.  Uhdeb  Side  of  the  Seull  SiinwH  in  Pio,  56.    X2 
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above  and  below,  of  the  formula  of  the  stem  placental  mammals 
(It  a  Pj  Mi),  and  all  the  teetJi  are  in  a  very  primitive  and  char- 
acteristic Lower  Eocene  stage  of  evolution.  The  upper  and  lower 
dental  arches  are  also  very  primitive.  The  lower  indsors  and  canines 
totally  lack  the  specialization  seen  in  modern  lemurs,  by  which  all 
the  indsors  become  transformed  into  small,  procumbent,  or  porrect. 
compressed  teeth,  the  lower  canines  are  taken  over  into  the  indsOT 


Fic.  58.  LowEB  Jaw  (Rigiit  Rauus)  c 

(Ameb.  Mvs  ,  NO.  14,655)  and  or 

(Amer.  Ml-s.,  ni 


F  (1)  AN  EcCE}'Y,  Leuukoid Nolkarclus  venlicolut 
2)  A  Modern  Lemur.  LepHemar  rmulelmus 
1.  4,659).    Natiral  Size 


In  the  ancient  lemuroid  the  ii 
four  premoltn,  are  primitive,  both  ii 
the  front  teeth  are  specialized,  [he  ii 


s  (here  represented  by  their  alveoli),  canines  and 
n  form  and  in  position;  bul,  in  the  modem  lemur, 
i  canines  being  much  alike,  reduced  in 
e  and  directed  sharply  forward.  The  prominent  projecting  looth,  in  the  front  end  of 
tbe  tooth  row,  represents  the  second  loner  premolar  of  more  primitive  mammals,  the 
fiist  having  been  lost. 

series,  and  the  second  lower  premolar  is  modified  into  an  erect,  almost 
caniniform,  tooth.  In  the  Eocene  Notharctida;,  on  the  contrary,  the 
lower  indsors  and  canines  were  not  notably  different  from  those  of 
other  primitive  mammals.  Partly  .because  the  lower  incisors  and 
canines  of  the  Notharctids  had  not  assumed  the  Icmurine  spedaliza- 
tion,  the  family  has  been  excluded,  by  Wortman,  from  the  Lemuroidea; 
but,  as  fully  shown  elsewhere  {Memoirs  oj  the  American  Museitm  of 
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Natural  History,  1920),  the  characters  of  the  dentitioti,  skull,  and 
skeleton  are  unquestionably  lemuroid. 

The  lateral  upper  incisoTB  were  already  beginning  to  assume  some- 
what the  compressed  shape  which  is  retained  in  certain  modem  lemurs 
(Chirogaleus) .  Stehlin  (1916,  p.  1530)  argues  that  the  canines  of  the 
original  primates  must  have  been  small  and  more  or  less  intermediate 
between  the  indsors  and  the  premolars.  But  in  all  known  Pakeozoic, 
Mesozoic,  Paleocene,  and  Eocene  orders,  except  the  muldtubercidates, 
the  canines  are  usually  more  or  less  enlarged,  and  well  differentiated 
both  from  the  incisors  and  the  premolars.  Stehlin  boldly  meets  this 
difficulty  by  assuming  that  such  cases  are  already  specialized  away 
from  the  hypothetical  condition  conceived  by  him  to  be  primitive, 
but  I  prefer  not  to  set  aside  so  lightly  the'direct  palxontological  and 
comparative  anatomical  evidence. 

In  brief,  these  primitive  Lower  Eocene  lemuroids  indicate  that 
in  the  stem  primates  the  canines  u-ere  well  di^erenliated  from  both  the 
incisors  and  the  premolars,  and  that  the  lower  canines  occluded  in  front 
of  the  upper  with  t/teir  lips  directed  slightly  outward.  Very  prob- 
ably in  a  premammahan  stage  of  evolution  the  lower  canines  had 
occluded  inside  of  the  uppers  and  their  dps  were  received  in  sockets 
in  the  upper  jaw,  as  may  be  observed  in  the  cynodont  reptiles.  But 
even  in  the  oldest  mammals  the  tips  of  the  lower  canines  had  become 
directed  slightly  outward,  so  that  they  occluded  chiefly  in  front  of  the 
uppers,  with  their  tips  pointing  buccally.  This  condition  is  preserved 
in  a  great  majority  of  the  primates;  and  it  is  orUy  in  the  lemurs  on  the 
one  hand,  and  in  man,  on  the  other,  that  the  lower  canines,  as  a  result 
of  reduction,  come  to  occupy  entirely  new  and  anomalous  positions. 

The  evolution  of  the  premolar  scries  in  the  Notharctidce,  as  shown  in 
the  species  from  ascending  levels,  parallels  that  in  many  other  Eocene 
phyla  of  placental  mammals  and  lends  further  support  to  the  "  premdar 
analogy  theory  "  of  the  origin  of  tlie  tritubercular  molar.  First,  as  we  pass 
backward,  from  the  simple  pointed  tip  of  the  first  lower  premolar  (pi) 
to  the  submolariform  crown  of  pi,  there  can  be  no  doubt  that  the  real 
protoconid,  or  original  tip,  is  on  the  buccal  side  of  the  crown;  but  in 
the  upper  molars,  if  we  were  to  accept  the  Cope-Osbom  view,  we 
should  have  to  pass  suddenly  from  the  buccal  tip  of  p*  to  the  lingual 
tip  of  m'.    Secondly,  the  lower  premolars  show  also  the  most  detailed 
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steps  in  the  evolution  of  a  submolariform  pattern,  starting  with  the 
simple,  compressed,  protoconid  of  the  first  premolars.  The  posterior 
slope  of  the  first  lower  premolar,  and  still  more  that  of  the  second 
premolar,  shows  faintly  the  very  beginnings  of  a  talonid,  which  be- 
comes larger  and  more  distinctly  modelled  as  we  pass  backward 
towards  the  third  and  fourth  premolars.  The  third  lower  premolar 
of  the  later  species  shows  also  the  incipient  separation  of  the  para- 
conid  and  metaconid  from  the  anterior  and  posterior  slopes,  respect- 
ively, of  the  protoconid.  The  lower  molars  also  illustrate  the  pro- 
gressive development  of  the  trigonid,  which  becomes  subtriangular  in 
p,  and  fits  into  the  interdental  space  between  the  third  and  fourth 
upper  premolars.  In  tkif  progressive  modelling  of  the  lower  premolars, 
the  internal  cingidum  plays  a  prominent  part,  since  it  gives  rise  to  the 
incipient  paracontd,  to  liie  basin  of  the  talonid,  and  to  llie  incipient 
hypoconid  {plate  6). 

In  correlation  with  these  changes  in  the  lower  premolars,  the  upper 
premolars  also  gradually  attain  a  submolariform  type,  both  as  we 
pass  backward  from  the  compressed  lip  of  p'  and  as  we  follow  the 
course  of  evolution  in  successive  species.  In  the  more  anterior 
upper  premolars,  the  apices  bite  outside  of  the  protoconids  of  the 
lower  teeth.  The  internal  ledges,  which  are  progressively  developed 
on  p'  -  p*,  at  first  engage  with  the  progressively  developed  talonids 
of  the  lower  premolars.  In  the  older  members,  even  the  fourth  upper 
premolar  has  only  a  single  external  apex;  but,  mth  the  progressive 
widening  of  the  talonids  and  the  buccal  growth  of  the  hypoconids.  the 
single  apex  gradually  di\idcs  into  two.  so  that  in  the  latest  stage  there 
are  two  cusps  on  the  outer  side  of  p*.  These,  however,  are  still  close 
together  because  the  hypoconid  of  the  lower  premolars  never  becomes 
as  large  as  that  of  the  molars.  Also,  the  anteroposterior  diameter 
of  p*  is  much  less  than  that  of  the  molars  because  the  anteroposterior 
diameter  of  pi  is  also  relatively  small  {plale  7). 

The  upper  premolars  of  the  earlier  forms  have  a  very  distinct  ex- 
ternal cingulum,  representing  the  reduced  outer  part  of  the  primitive 
upper  premolar  crown.  In  the  premolars  of  the  later  members  of  the 
series,  this  external  cingulum,  although  somewhat  less  pronounced, 
is  still  evident.  On  the  posterior  premolars  of  the  earlier  stages  there 
are  small  stylar  cusps,  corresponding  to  the  paraslyle  and  metastyle. 
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FlG.  5Q.  RicHT  Upper  Cheek-Teeth  of  Nolliarclus  osborni,  a  Leuuboid  tbou  the 
MrooLE  Eocene  op  Wyomdjc.    Amer.  Mus.,  no.  11,466.    X3. 
The  first  upper  premolar  is  represented  by  its  alveolus;  the  second  has  a  Nmple  com- 
pressed crown  which,  however,  shows  the  beginiUDg  of  structures  which  attain  B  fuller 
development  in  the  third  and  fcutth  premolars. 


Fig.  60.  Upper  a 


AM  Eocene  Leul'soid 


IllustratinK  the  names  of  the  principal  cusps,  etc..  of  the  premolar  and  rocdar  crowns. 
Osbom's  names  for  the  parts  of  the  molars  arc  used  also  for  the  similarly  placed  parts 
of  the  premolars. 
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FiC.  61.   ITPPEB  AND  I^OtVCR  TeETR,   IK  (.hXLl  SION.  1>F    .  1  ■    /"■.'.v.. 

MfS..  xo.  15017.  LowTR  EtiCENT.  Wyowing    a\p  i2'  .Y.fiif. 
Mus.,  xo.  11.982.  Middle  Ew:e\k.  WvhuimiI.    X-*. 


Id  the  older  and  more  primitive  spctics.  PflyfaJas  'rc'o'iii'J.'i.t.  llic  ]isi-ui1i>-li;|n>,-i'iii-*. 
or  postero-intemal  cusps  of  the  upper  molars,  arc  hut  piiiirly  dcvelojHil;  thus,  ilu-  iiili-r- 
dental  spaces  are  not  restricted  and  receive  the  Rrealer  part  ii(  the  iricimids  of  ihc  U)Hcr 
teeth.  In  the  later  species.  Xalhiirclus  rrassiis,  llie  iwi'udo-lij'iknotivs  :in'  fiilli'  di-vrl- 
oped,  encroaching  on  the  interdental  sp-iccs  and  unii-ululin);  wiili  (he  p;ir;ii-iiiiuls  of  the 
loner  molars. 
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These  retain  their  distinctiiess  in  the  later  members.  They  did  not 
articulate  with  any  part  of  the  lower  teeth,  but  assisted  in  pres^g 
the  food  against  the  lower  teeth  and  in  increasng  the  hold  of  the 
teeth  upon  the  food. 

The  inner  side  of  the  upper  premolars  tenninates  in  the  low  cusp, 
i^parently  homologous  with  the  socalled  "protoa)ne"  of  the  molars; 
it  arose,  as  aheady  stated,  in  correladon  with  the  expansion  of  the 
talonids  of  the  lower  premolars.  At  first,  this  internal  ^ur  lacks  all 
trace  of  a  posterointernal  di^-ision;  but,  in  the  fourth  upper  premolar 
of  the  latest  stage,  there  is  an  incipient  cu^  which  is  beginning  to 
separate  from  the  posterior  slope  of  the  internal  spar  of  p*.  This  low 
postero-intemal  cusp,  called  the  tetartocone  in  Scott's  nomencla- 
ture, articulates  with  the  paraconid  of  the  first  lower  molar. 

Thus,  both  on  the  outer  and  on  the  inner  side  of  the  crown,  the  fourth 
upper  premolar  of  the  Sotharctida  exhibits  an  incipient  tendency  to 
divide  into  anterior  and  posterior  moieties;  in  other  words,  to  assume  the 
moiariform  pattern  which  is  more  fully  realized  in  the  last  deciduous 
premolar.  In  this  respect  the  posterior  upper  and  lower  pronolars 
thus  parallel  the  conditions  in  many  other  Eocene  phyla,  but  in  this 
series  the  transformation  is  slower  and  less  complete;  and  in  many 
of  the  higher  primates  the  posterior  premolars  are  less  moiariform 
than  in  the  later  species  of  Notharctidie.* 

The  difference  in  pattern  in  p*  and  p*  in  the  Xotharctid«  is  always 
pronounced,  while  in  many  other  primates  p*  and  p*  become  very 
much  alike.  Here  again  the  XotharctidEe  are  more  like  other  phyla 
of  Eocene  mammals,  and  the  conditions  of  the  premolars  in  the 
higher  primates  are  in  all  probability  less  primitive,  although  more 
simple  in  appearance. 

The  first  and  second  lower  molars  of  the  earliest  Notharctids  have 
all  the  elements  of  the  primitive  tuberculo-sectorial  tooth;  that  is. 
the  trigonid  bears  all  three  primitive  cusps,  and  the  talonid  already 
has  a  high  hypoconid  and  a  low  entoconid.  Moreover,  the  trigonid 
is  on  a  considerably  higher  level  than  that  of  the  talonid,  while  the 
hypoconid  is  connected  with  the  posterior  wall  of  the  trigonid  by  a 
prominent  "crista  obliqua,"    Thus,  the  lower  molar  is  surmounted  by 

'  By  this  I  mean  that  the  relatne  simplicity  of  the  bicuspid  premolais  of  later  primates 
may  be  due  to  arrest  of  the  tendency  to  become  moiariform  and  to  divergence  in  func- 
tion of  premolars  and  molars. 
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two  Vs— the  smaller  V,  foimed  by  the  cusps  of  the  trigonid;  the  much 
vider  posterior  V,  formed  by  the  crista  obliqua,  the  hypoconid  and 
the  entoconid  ijig.  62) .  Such  a  pattern  is  seen  in  many  other  Eocene 
phyla. 

As  we  pass  upward  from  the  lower  and  more  primitive  species  of 
Notharctidae,  the  paraconids  of  the  lower  molars  disappear  or  are 
retained  only  in  a  reduced  condition  Meanwhile,  the  ciest  connect- 
ing the  protoconid  with  the  metaconid  assumes  a  more  anterior  posi- 


Fic.  62.  Left  Mandibulak  Ramus  of  Pdycodus  Iriganadus,  a  Psoiiti^'e  Nothabctid 

rwan  THE  Lower  Eocene  or  Wyouinc.    Aiier.  Mus.,  ko.  15,017.    X2. 

After  Matthew 

Id  the  fourtli  lower  premolar,  the  trigonid  and  tilonid  of  the  molars  are  foreshadowed, 
but  the  third  lower  premolar  retains  ils  simple  conical  shape,  with  only  an  incipient  para- 
conid  and  a  very  small  talonid.  In  the  moUrs,  the  trigonid  13  still  on  a  higher  level  than 
the  talonid — the  paraconid,  especially  on  mi,  is  retained;  the  talonid  of  mi,m]  has  already 
surpaued  the  trigoDid  in  width. 

tion,  while  the  whole  talonid  and  its  V-shaped  hypoconid  become 
larger.  At  the  same  time,  the  trigonid  becomes  relatively  lower  and 
the  talonid  higher,  so  that  the  general  level  of  the  talonid  is  only  a 
little  below  that  of  the  trigonid.  This  expansion  oj  llie  whole  talonid, 
including  the  hypoconid,  as  in  so  many  other  cases,  is  associated  vdth 
the  reduction  of  the  interdental  spaces  between  the  upper  molars,  with 
the  lengthening  of  the  anteroposterior  diameter  of  both  upper  and  lower 
molars,  ufilh  the  further  increase  of  Ifie  protocones  which  fit  into  llie  talo- 
nids;  finaily,  wilh  the  progressive  separation  of  tite  para-  and  meta- 
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styles,  and  with  the  filling  out  of  the  postero-internai  comer  of  the  tooth, 
so  that  the  hypocones  occupy  much  of  the  space  formerly  fiUed  by  the  tri- 
gonids  of  the  lower  molars  (Jig.  61). 

In  most  phyla  of  mammals  the  true  hypocones,  or  postero-intemal 
cusps  of  the  upper  molars,  arise  as  upgrowths  of  the  cingulum,  and 
progressively  articulate  with  the  basins  of  the  trigonids  of  the  lower 
molars.  In  the  NotharctidEe,  on  the  other  hand,  the  postero-intemal 
cusps  arise  as  a  budding  or  outgrowth  from  the  posterior  slope  of  the 
protocones,  and  they  articulate  rather  with  the  paraconids  of  the 
lower  molars.  In  the  lower,  older  species  of  the  family  {plate  7), 
this  process  is  just  beginning  on  the  first  and  second  molars,  and  has 
not  yet  begun  on  the  third  molar.  In  later  members  this  cusp  be- 
c(»nes  larger  and  larger,  until,  in  the  first  upper  molar  of  the  highly 
progressive  Notharctus  crassus,  the  postero-intemal  cusp  is  even  larger 
than  the  protocone  itself.  All  the  while  the  internal  cingulimi,  which 
in  other  mammals  gives  rise  to  the  hypocone,  remains  distinct  and 
fails  to  produce  a  normal  hypocone.  The  budding  o_ff  of  the  postero- 
intemal  cusp  or  pseudohypocone  in  the  Notkarctida  has  probably  been 
conditioned  by  the  attrition  of  the  upgrowing  entoconid  of  the  lower  molar. 
When  the  mandible  is  moved  obliquely,  this  cusp  shears  transversely 
across  the  posterior  slope  of  the  protocone  just  in  front  of  the  pseudo- 
hypocone; the  latter  also  articulates  directly  with  the  paraconid  of 
the  next  lower  molar.  In  the  titanotheres  and  other  perissodactyls, 
a  somewhat  similar  process  in  the  premolars  conditions  the  origin  of 
the  so-called  tetartocone,  which  buds  off  from  the  posterior  slope  of 
the  main  internal  cusp  immediately  behind  the  place  where  that  cusp 
is  worn  by  the  upgrowing  entoconid  of  the  lower  molar.  The  same 
process  occurs  also  in  the  Equids  and  other  perissodactyls. 

In  correlation  with  the  more  rapid  development  of  the  postero- 
intemal  cusp  of  the  first  upper  molar  of  the  Notharctidse,  we  find 
that  the  level  of  the  talonid  of  the  first  molar  is  higher  than  that  of 
the  second  molar.  The  former  tooth  is  also  more  conservative  in 
the  retention  of  the  paraconid,  which  tends  toward  reduction  or  dis- 
appearance in  the  second  and  third  molars  of  later  species.  When 
present,  the  paraconid  articulates  with  the  pseudohypocone  of  the 
preceding  upper  molar  {figs.  61,  63). 

The  progressive  development  of  a  mesostyle  on  the  upper  molars 
is  another  specialization  in  which  the  Notharctids  parallel  many 
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other  phyla  of  Eocene  and  later  mammals.  In  the  earlier  members  of 
the  family,  the  mesostyle  is  barely  indicated  by  a  very  slight  wrinkle 
in  the  external  dngulum  between  the  para-  and  metacones.  This 
steadily  becomes  larger,  culminating  in  the  robust  mesostyle  of  Nolk- 
arctus  crassus.  As  in  so  many  other  cases,  these  cusps  do  not  articulale 
■with  the  lower  teeth,  except  when  the  lower  jaw  is  swung  far  to  one  side 
so  as  to  bring  the  hypoconids  opposite  the  mesostyles,  but  they  assist 
chiefly  in  pressing  the  food  against  the  lower  molars.  The  mesostyle 
is  connected  with  the  slopes  of  the  para-  and  metacones  and,  Snally, 
cooperates  with  them  in  the  formation  of  two  well  developed  external 
Vs,  or  crescents,  on  the  outer  side  of  the  tooth.  These  two  Vs  open 
outward,  while  the  Vs  of  the  lower  molars  open  inward,  a  device 
frequently  adopted  among  herbivorous  dentitions  and  apparently 
efficient  in  the  subdi\ision  of  a  vegetable  or  mixed  diet. 

The  third  molars,  both  in  the  upper  and  lower  jaw  of  the  Notharc- 
tidiE,  are  narrower  transversely,  and  in  all  respects  less  progressive, 
than  the  second  molars.  The  third  upper  molars  fail  to  develop  a 
pseudo-hypocone,  or  postero-intemal  cusp,  and  the  mesostyle  is  also 
smaller  than  in  m^.  The  third  lower  molar,  even  in  the  oldest  forms, 
has  a  hypoconulid,  or  median  posterior  spur,  which  articulates  just 
behind  the  posterior  border  of  the  third  upper  molar,  and  assists  in 
a  pivoting  action  when  the  jaw  swings  from  side  to  side. 

As  shown  by  a  careful  study  of  the  articulating  relations  of  the 
upper  and  lower  teeth  in  various  species  of  Notharctidae,  and  also  by 
the  mandibular  condyles  and  glenoid  fossx,  the  lower  jaw  in  the  earlier 
forms  had  a  somewhat  more  vertical  movement,  while  in  the  later 
forms  with  crescentic  molars  there  was  a  considerable  transverse 
swing  of  the  mandible  {Jig.  67).  This  ruminant-like  action  of  the 
lower  jaw  is  developed  also  in  the  howler  monkeys  of  the  New  World 
series,  and  in  Propithectis  among  the  indrisine  lemurs  of  Madagascar. 
Probably  the  increasingly  transverse  component  of  the  movement  of  the 
lower  jaw  conditioned,  or  was  associated  with,  the  development  of  both 
the  pseudo-hypocones  and  the  mesostyles  in  the  upper  molars,  since  the 
entoconids  of  the  lower  teeth  sweep  across  the  isthmus  connecting  the 
two  internal  cusps  of  the  upper  molars,  while  the  hypoconids  sweep 
across  the  region  from  the  inner  side  of  the  mesostyle  to  the  inner  side  of 
the  proloconule  {fig.  63). 
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The  deciduous  dentition  of  Nolharclas  agrees  with  that  of  the 
European  Adapts  in  the  fact  that  all  the  molars  erupt  early,  while 
the  deciduous  teeth  are  still  in  use.  This  is  also  the  condition  in  the 
modem  lemurs.  In  the  higher  primates,  on  the  contrary,  the  emp- 
tion  of  the  second  and  third  molars  is  delayed  until  the  close  of  the 
replacement  period.    As  in  many  other  mammalian  phyla,  the  last 


Fic.  64,  DEcmuocs  a 


>  Fervanekt  Upper  Teeth  o 

lyratmiis 


Adapis  magnus  and  Nolharctut 


l.—Adapii  magnus.  Eocene  of  Europe.  X2.  After  Steblin.  From  left  to  right 
the  teeth  in  place  are  m",  dp*,  dp",  dp",  alveolus  of  p",  dc. 

2, 3.—Nolharclui  lyrannus.  Amer.  Mus.,  no.  13,025;  Jliddle  Eocene  of  America.  X2. 
The  third  moUr  has  barely  begun  to  erupt;  m',  m'  and  three  deciduous  premolan  are  ia 
place,  with  the  permanent  p',  p',  and  space  for  p''  beneath  them.  As  in  most  other 
munmals,  the  posterior  deciduous  teeth  are  more  molariform  than  the  permanent  teeth 
that  succeed  them.  In  these  Eocene  lemurs  the  true  molars  are  in  use  along  with  the 
deciduous  teeth. 
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deciduous  premolars  are  molariform  in  general  paLtem,  while  their 
successors,  the  fourth  premolars,  are  much  simpler. 

We  may  summarize  the  morphology  and  evolution  of  the  denti- 
tion of  the  XotharctidiE  as  follows: 

(1)  Dental  fonnula:  the  primitive  one  for  Primates;  differs  from  the 
primitive  placental  foirmila  only  in  the  loss  of  one  incisor  on  each 
side  above  and  below.  Same  formula  retained  in  the  Adapidx,  but 
variously  reduced  in  later  primates. 

(2)  Dentition :  increases  in  size  from  the  Lower,  through  the  Middle, 
Eocene;  the  length  of  the  three  lower  molars  rises  from  1 1  to  23  mm. 


Fic.  65.  LowxB  Jaws  of  Nolharclus  lyrannus.     Aues.  Mus.,  kos.  13,029  and  12,578. 

XZ 

All  the  true  molars  were  in  place  before  the  deciduous  molars  were  shed 

(3)  Lower  incisors  and  canines:  of  primitive  placental  type;  not 
specialized  as  in  lemurs,  but  not  very  different  from  those  of  the  more 
primitive  South  American  monkeys. 

(4)  Evolution  of  the  premolar  series:  parallels  that  in  other  Eocene 
placental  mammals  and  lends  support  to  the  "premolar  analogy" 
theory  of  the  origin  of  the  tritubercular  molar. 

(5)  Evolution  of  the  upper  molars:  from  the  trigonal  to  the  quad- 
rangular type,  with  consequent  reduction  of  the  interdental  spaces 
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correlated  with  an  increase  in  the  anteroposterior  diameter  of  the 
crowns,  and  with  the  expansion  of  both  the  protocones  and  the  talo- 
nids  that  receive  them. 

(6)  Budding  off  of  the  postero-internal  cusps,  or  pseudo-hypo- 
cones  from  the  posterior  slopes  of  the  protocone:  conditioned  by,  or 
associated  with,  the  attrition  of  the  entoconids  of  the  lower  molars; 
the  pseudo-hypocones  articulate  with  the  reduced  paraconids. 

(7)  Progressive  development  of  mesostyles  on  upper  molars:  cor- 
related with  obliquely  transverse  movements  of  the  mandible  in 
mastication. 

The  Adaph)*  of  the  Eocene  of  Europe 

These  European  relatives  of  the  Notharctidae  resemble  the  latter 
in  so  many  fundamental  characters  of  the  dentition,  skull  and  limbs, 
that  they  may  well  be  united  with  them  in  a  single  family,  for  which 
the  prior  name,  AdapidiE,  has  often  been  used.  But  the  American 
and  European  representatives  of  this  group  are,  on  the  other  hand, 
separated  by  a  number  of  minor  but  trenchant  differences,  which 
make  it  desirable  to  class  them  as  either  distinct  families,  as  Stehlin 
does;  or,  at  least,  as  very  distinct  subfamilies,  Notharctina;,  Adapinse, 
as  I  have  done  in  the  memoir  already  cited.  Stehlin  has  emphasized 
the  fact  that,  in  the  American  family  (or  subfamily),  the  so-called 
hypocones,  or  postero-internal  cusps,  of  the  upper  molars  are  really 
pseudo-hypocones,  formed  by  budding  off  from  the  antero-intemal 
cusps  or  protocones;  while,  in  the  European  series,  the  hypocones  are 
fonned  by  the  upgrowth  of  the  postero-internal  cingulum  in  the  more 
tisual  mammalian  fashion.  He  also  noted  that,  in  the  Notharctidae, 
the  upper  molsirs  develop  mesostyles,  which  are  entirely  absent  in 
the  Adapidx.  But  I  have  shown  (1920)  that,  although  these  and 
other  differences  demonstrate  a  divergence  in  evolutionary  trend, 
they  do  not  disprove  a  common  origin  of  the  two  groups,  as  evidenced 
by  the  long  list  of  primitive  lemuroid  characters  which  they  have  in 


The  differences  in  the  molars  noted  above  are  associated  with  cor- 
responding differences  in  the  normal  paths  of  the  mandibular  excur- 
sion during  mastication.    In  the  Notharctidre,  as  already  noted,  the 
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the  points  where  the  entoconids  swept  across  the  posterior  ridge  of 
the  protocones,  and  also  came  into  contact  with  the  reduced  paraco- 
oids  of  the  lower  molars.  In  the  Adapida;,  on  the  other  hand,  the 
excursion  of  the  mandible  remained  more  vertical,  no  mesostylcs 
were  developed  and  the  true  hypocones  finally  came  to  articulate 
with  the  basin  of  the  trigonids,  as  in  many  carnivorous  mammals. 


Fto.  67.  Reoion  of  the  Mandii 


Xoiliarcias  ASD  or  Adapts.    Viewed 


1. — Notharclut  oiborni.     Amtr.  Mus.,  no.  11,466. 

2.—Netliarclui  crassus.     Araer,  Mus.,  no.  12,588. 

3. — Adapis  paruUiuis.     Amer.  Mus.,  no.  10,007. 

Tbe  more  convex  condyles  of  Nothanlus  permitted  freer  movements  of  the  mandible, 
while  the  flatter  and  more  transversely  extended  condyle  of  Adapis  implies  a  more  orthal 
(vertical)  movement. 


with  a  chiefly  vertical  excursion  of  the  mandible.  So  also,  in  associa- 
tion with  the  vertical  movonent,  the  protoconule  crest  of  the  Adapidx 
became  well  developed  {fig.  66),  foreshadowing  the  conditions  in  the 
modem  Lemuridse  {fig.  70).  These  differences  in  the  excursion  of  the 
mandible  are  associated  with  corresponding  differences  in  the  mandib- 
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ular  condyles,  those  of  Nolharclus  being  rounder  and  permitting 
freer  movements;  those  of  Adapis  being  flatter  and  suggestive  of  the 
condyles  of  carni\'ores  [fg.  67). 


Fig.  6S.  Skull  and  Lower  Jaw  op  Adopts  magnus.     X  1.    After  Gkandidiek 
The  skuU  ia  general  resembles  that  of  the  larger  species  of  Nolharelut,  but  u  distii)- 

gubhed  by  the  heavier  jawandstouterzygomaticarch.    The  orbit,  as  in  other  lemuroids, 

opens  bcDcath  the  postorbital  bar  into  the  temporal  fossa. 


Setting  aside  the  differences  in  the  dentition  noted  above,  the  whole 
construction  of  the  skull  in  the  Adapids,  including  the  detailed  charac- 
ters of  the  bony  face,  brain  case,  auditory  region,  etc.,  on  the  one 
hand  represents  an  advance  upon  the  conditions  exhibited  in  the 
Notharctida; ;  on  the  other  hand  foreshadows  the  Lemuridae. 
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Origin  of  the  Lemurid« 

Forsyth  Major,  after  extensive  comparisons  of  the  auditory  and 
lacrymal  regions  of  the  skulls  of  pricmates,  came  to  the  conclusion 
that  the  modem  Lemuridie  had  been  derived  from  the  Adapidfe. 
This  is  the  view  I  have  endeavored  to  defend  in  the  memoir  dted 
above.  But  Stehlin,  the  leading  authority  on  the  Eocene  primates 
of  Europe,  would  exclude  at  least  the  typical  Adapidx  from  such  a 
comiection,  on  the  ground  that  they  are  already  too  specialized  in 
certain  characters  of  the  dentition  and  of  the  skull  to  be  ancestral 
to  the  Lemurida;.  I  have  argued,  on  the  contrary,  that  it  is  of  the 
greatest  importance  to  realize  that  Eocene  ancestors  may  he  expected  to 
resemble  or  foreshadow  tkeir  modem  descendants  only  in  respect  of  those 
characters  the  function  of  which  has  either  remained  the  same  or  has 
become  intensified  in  a  positive  sense;  and  that,  on  the  other  hand,  the 
Eocene  ancestors  will  differ  from  their  descendants  in  proportion  as  their 
adaptive  characters  have  suffered  a  radical  change  of  function.  Accord- 
ingly, I  have  endeavored  to  show  that  the  chief  differences  in  the 
dentition  and  skull  between  Adapis  and  the  Lemuridx  (which  have 
been  dted  by  Stehlin  as  excluding  the  former  from  ancestry  to  the 
latter),  may  rather  be  interpreted  as  signs  either  of  changes  of  func- 
tion and  structure  or,  in  some  cases,  of  marked  intensification  of* 
function  of  the  given  parts. 

In  the  most  primitive  Adapida;  the  dentition  (fig.  7!)  approaches  the 
normal  primitive  form  exhibited  in  other  placental  orders.  Conse- 
quently the  aberrant  spedalization  of  the  indsors,  canines,  and  anterior 
premolars,  which  is  characteristic  of  the  Lemurida:  and  other  lemuroid 
families,  is  surely  a  later  acquisition,  and  the  lack  of  it  in  the  Eocene 
Adapidse  by  no  means  excludes  that  family  from  ancestry  to  the 
Lemuridx.  In  modem  lemurs  the  spedalization  in  question  is  con- 
nected with  the  habit  of  combing  and  cleaning  the  fur  with  the  lower 
front  teeth,  and  is  assodated  with  a  thickening  and  enlargement  of 
the  tongue,  as  well  as  of  the  sublingua,  so  that  the  minute  and  pro- 
cumbent lower  indsors,  and  canines,  fit  beneath  the  overlapping  and 
more  or  less  protrusile  tongue.  This  peculiar  modification  in  the 
several  families  of  modem  lemuroids  has  very  probably  been  acquired 
independently,  starting  from  the  more  primitive  conditions  illustrated 
in  Adapts  priscus  and  the  more  primitive  Xotharctida;. 
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Fic,  fi9.  Under  Siue  of  the  Skill  or  Adaph  magnus.    XL    After  Stehun 
In  the  construction  of  the  auditory  region  and  many  other  parts,  the  European 
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Fio.  70,  Under  Side  of  the  Skull  or  a  Recent  Leuvr,  LepiUmiir  muslellnus.    XI 
Shows  numerous  points  of  resemblance  to  Adapis,  but  ditlers  in  the  more  specialized 
foim  of  the  float  teetb> 
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Here  we  have  an  excellent  example  of  the  phenomenon  tkat  num- 
erous similar  specializations  are  often  independently  developed  in  fam- 
ilies thai  have  been  derived  from  a  common  slock.  The  oppoate  princi- 
ple, that  wide  dij'erences  may  also  be  evolved  in  closely  related  stocks, 
is  well  illustrated  by  the  wide  adaptive  radiation  of  the  molar  pat- 
terns in  the  various  families  of  Lemuroidea. 


litciureui.     X4.    AiterStehun.     Lowxs 

EttROFE 

Shows  the  relatively  primitive  form  of  the  teeth  and  the  primitive  dental  formula: 
It  C|  Pt  Ml.    The  molars,  however,  have  lost  the  paraconids  and  have  wide  (atonida. 


Fic.  72.  Side  View  op  tse  Skull  of  a  Modern  Leuur  {Lemur  varius).    XI 
Shows  particularly  the  specialized  character  at  the  lower  front  teeth,  the  enlargemeiit 

and  aubcaniniCorm  shape  of  the  anterior  lower  premolar,  the  lengthening  of  the  lower 

jan,  and  the  e^ipansion  of  the  lacrymal  bone  and  brain-case. 
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Adaptive  Radiation  of  the  Dentition  in  the  Higher  Lemurs  of 
Madagascar.    "Habitus"  and  "Heritage" 

There  can  be  no  reasonable  doubt  that  the  Archasolemuridie,  an 
extinct  family  of  Madagascar  lemurs,  were  true  lemuroids;  and  yet, 
in  some  of  them,  the  upper  molar  teeth  became  bilophodont,  so  as  to 
suggest  at  first  sight  the  bilophodont  molars  of  the  Cercopithecids. 
The  same  genera  also  acquired  a  short  face  and  expanded  brain-case 
so  that  they  were  erroneously  regarded  by  some  as  transitional  be- 
tween monkeys  and  lemurs.  But  their  true  status  as  lemurs  is  re- 
vealed by  the  retention  of  many  highly  significant  lemuroid  features 
in  the  skull  and  skeleton  (fig.  73). 

More  recently  acquired  characters  and  special  adaptations  to  the 
final  life  habits  constitute  what  I  call  the  "habitus,"  or  adaptive  form 
of  the  animal,  while  characters  -which  it  has  inlterited  from  ancestors 
in  an  earlier  stage  of  eeolution,  and  before  tlie  assumption  of  its  present 
life  habits,  make  up  its  "heritage."  Both  sets  of  characters  are  adaptive, 
but  the  first  set  are  adapted  to  its  present  life  habits;  and  the  second  set 
were  adapted  to  the  different  life  habits  of  Us  ancestors,  and  have  been 
retained  either  because  they  are  slill  useful,  or  because  they  have  not  yet 
been  eliminated  by  later  adaptations.  This  cardinal  principle  is  of  the 
utmost  importance  in  the  study  of  the  evolution  of  the  human  denti- 
tion and  of  the  whole  question  of  man's  relationship  with  other 
primates. 

While  the  Archa;olemurid£e  tend  to  e\olvc  bilophodont  molars, 
Propithecus  of  the  Indrisidie  has  sclcnodont  molars,  that  is,  the  molar 
patterns  consist  of  Vs  or  crescents,  which  recall  the  conditions  in  the 
Eocene  Notharctida;  but  are  more  specialized.  In  Indris  itself,  the 
crescentic  pattern  of  the  upper  molars  is  more  or  less  effaced,  the  cusps 
losing  much  of  their  crescentic  shape  and  the  crowns  tending  to  be 
di\'ided  into  subequa!  anterior  and  posterior  moieties  {figs.  74.  75). 

The  Indrisida;  also  afford  an  instructi\'c  example  of  the  reduction 
in  the  number  of  premolars  from  four  to  two,  a  reduction  which  has 
occurred  independently  in  many  other  groups  of  primates.  Even  in 
the  Notharctidic,  the  first  and  second  premolars,  both  in  the  upper 
and  lower  jaw,  remained  retarded  in  development,  while  the  third 
and  fourth  premolars  were  more  progressive.    This  tendency,  for 
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Fig.  73  Skull  and  Lower  Jaw  of  Arckaoltmur  edwardsi,  an  Extinct  Monexy-l 
I^uuB  From  Madagascar.    X).    After  Standing 
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the  premolar  series  to  differentiate  into  two  contrasting  parts,  the 
anterior  part  consisting  of  the  small  or  reduced  p'  and  p*,  and  the 
posterior  part  consisting  of  the  progressive  p'  and  p*,  is  highly  de- 
veloped, not  only  in  the  Indrisids,  but  also  in  several  other  groups, 
such  as  the  Old  World  primates,  including  man.  In  the  final  stage 
of  this  evolution,  the  first  and  second  premolars  disappear  entirely 
and  the  remaining  premolars  are  homologous  with  the  third  and  fourth 
of  the  primitive  placental  dentition.  This  important  fact  seems  to  be 
little  appreciated  by  those  odontologists  who  do  not  recognize  the  fact 
that  the  ioolh  immediately  in  front  of  tiie  molars,  in  ail  primates,  is  the 
homologue  of  the  fourth  premolar  of  primitive  placental  mammals. 

In  all  primates  the  elimination  of  the  two  anterior  premolars  is 
probably  correlated  with  the  shortening  of  the  face,  with  the  marked 
increase  in  size  of  p'  and  p',  and  often  with  the  anteroposterior  length- 
ening of  the  molars.  When,  as  in  the  Indrisidae  and  many  apes,  the 
upper  canine  becomes  considerably  enlarged,  its  posterolingual  side 
comes  into  secondary  articulation  with  the  anteroexternal  side  of 
the  anterior  premolar,  which  is  the  second  of  the  primitive  series. 
This  lower  premolar  thus  becomes  more  or  less  enlarged.  Up  to  this 
point,  its  tendency  was  to  become  like  p,,  which  in  turn  was  tending 
toward  the  molar  pattern;  but,  when  pj  comes  into  relation  with  the 
upper  canine,  its  protoconid  becomes  enlarged  and  pointed,  so  that 
in  Propilheciis  diadema,  of  the  IndrisidiE,  this  tooth  is  abnost  canini- 
forni  in  appearance.  This  illustrates  the  general  principle  that  iruiividual 
leelh,  like  other  parts  of  the  skeleton,  tend  to  assume  the  form  required  of 
Ihem  by  their  topographic  position  and  functional  relations  to  the  sur- 
rounding parts. 

In  the  Indrisida;  and,  more  particularly,  in  the  Archaeolemuridas, 
the  true  canines  are  taken  over  into  the  incisor  series;  and,  in  the 
latter,  they  tend  to  become  enlarged,  procumbent,  and  opposed  by 
both  the  central  and  the  lateral  incisors.  The  tendency  for  the  lower 
canines  to  become  incisiforra,  and  to  oppose  the  upper  incisors,  is 
carried  to  an  extreme  in  Chtromys,  the  Aye-aye,  in  which  a  single  pair 
of  upper  incisors  have  become  enormously  enlarged  and  compressed, 
and  opposed  to  a  similar  pair  of  pointed  and  enlarged  lower  teeth. 
The  lower  pair  have  often  been  regarded  as  incisors,  but  it  is  far  more 
probable  that  they  are  enlarged  canines.    The  almost  rodent-like 
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Fig.  75.  Skulls  of  Two  Divekgent  Meubers  of  the  Indbcsid.g 
1  —A  dolichocephalic,  dolichopic,  type:  Indris  indris.     Brit.  :Mus.,  48.10.2S.1.     X  I. 
2.— A  brachycrphalic,  brachj-opic,  type:  Avahis.     X2, 


LEUI  ROllt.      CiiI,I,I£,;K    of    I'JIVSICIANS   AND   '. 

The  rodcnt-likc  froni  leelh  arc  used  to  pierce  the  bark  of  Irees:  in  the  inci«OQS  thus 
made,  the  animal  inserts  its  extremely  attenuated,  elongate,  third  finger  to  extract  the 
grubs  upon  which  i(  feeds.  In  correlation,  perhaps,  nilh  the  soft  character  of  the  food, 
the  molar  teeth  are  of  degenerate  type. 
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front  teeth  of  the  Aye-aye,  and  the  correlated  modifications  in  the 
fonn  of  the  lower  jaw,  zygomatic  arch  and  alveolar  process,  deceived 
some  of  the  early  investigators  into  grouping  this  animal  with  the 
rodents,  hut  thorough  comparisons  of  its  osteology  and  anatomy  soon 
indicated  its  proper  place  in  the  system.  Its  rodent-like  appearance 
is  found,  on  analysis,  to  be  extremely  superficial  and  to  be  manifested 
in  characters  which  have  been  independently  acquired  in  many  widely 
removed  phyla  of  mammals.  In  correlation  with  its  habit  of  eating 
soft  bodied  grubs,  its  molar  teeth  are  small  in  size  and  degenerate  in 
pattern. 

IV.  SUMMARY  AND  CONCLUSIONS  FOR  PART  II 

After  the  evolution  of  mammals  from  mammal-like  reptiles,  in  the 
early  part  of  the  Age  of  Reptiles,  and  after  the  subsequent  origin  of 
the  tiitubercular  type  of  molars  (as  discussed  in  Part  I  of  this  work), 
the  primitive  mammals,  represented  perhaps  by  Amphitfierium  of 
the  Middle  Jurassic  of  England,  probably  gave  rise  (in  the  latter  half 
of  the  Age  of  Reptiles)  to  two  great  series:  the  "marsupials"  and 
the  "placentals."  The  evolution  of  the  molar  patterns  in  the  mar- 
supials closely  paralleled  that  in  the  placentals;  and,  likewise,  has 
been  traced  by  several  investigators  from  a  primitive  triangular  type, 
still  largely  preserved  in  the  opossums,  into  the  diverse  shearing, 
cutting,  crushing  and  grinding  molars  of  the  existing  marsupials. 

In  Part  I  a  study  of  the  occlusal  relations  of  the  upper  and  lower 
teeth  of  the  marsupials  was  shown  to  be  requisite  for  an  adequate 
understanding  of  the  function  and  evolution  of  the  several  parts  of 
the  teeth.  The  same  method  has  been  followed  in  studying  the  evo- 
lution of  the  dentition  of  the  Palcocene  and  later  placentals.  Empha- 
^s  was  also  laid  upon  the  importance  of  not  contining  attention 
exclusively  to  the  dentition,  but  of  taking  into  consideration  the 
evolution  of  other  parts  of  the  organization;  and  of  keeping  constantly 
in  mind  the  taxonomic  position,  relationships,  and  evolution,  of  the 
organisms  whose  dentitions  arc  studied;  on  the  ground  that  when 
only  one  or  two  terminal  and  widely  separated  twigs  of  the  great 
phylogenetic  tree  are  compared,  the  observer  is  likely  to  be  deceived 
into  mistaking  both  fortuitous  and  convergent  resemblances  for 
genuine  homologies. 
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The  extinction  of  the  giant  reptiles  at  the  close  of  the  Cretaceous 
was  then  noted;  also,  the  apparently  sudden  immigration  into  the 
known  collecting  fields  of  the  archaic  placental  orders  in  the  Paleo- 
cene  epoch.  With  regard  to  the  origin  of  the  placentals,  some  of 
the  cranial  and  dental  characters  which  may  be  safely  assigned  to 
the  (as  yet)  undiscovered  common  ancestors  of  all  the  placental 
orders  were  enumerated.  The  great  collections  of  Paleocene  and 
Eocene  mammals  in  the  American  Museum  of  Natural  History  are, 
it  was  suggested,  of  signal  importance  to  odontological  science,  be- 
cause they  afford  cimiulative  evidence  for  the  truth  of  the  central 
proposition  of  the  "Cope-Osbom  theory  of  trituberculy, "  namely, 
that  all  the  highly  diverse  molar  patterns  of  later  placental  mammals 
may  be  traced  back  to  primitive  tritubercular  types. 

In  connection  with  the  time  honored  problem  of  the  origin  of  the 
tritubercular  molar  patterns  of  Paleocene  and  Eocene  placentals,  the 
writer,  in  common  with  many  earUer  authors, regards  as  erroneous  the 
"view  that  in  the  upper  molars  the  true  or  original  protocone  is  the 
internal  apex  of  the  trigon,  while  in  the  premolars  it  is  the  main 
external  cusp;  because,  as  pointed  out  by  Wortman  and  others,  the 
evidence  tends  to  show  that,  as  we  pass  backward  from  the  anterior 
premolars  through  the  fourth  premolars  to  the  true  molars,  the  main 
tips  of  the  premolar  crown  are  homologous  with  the  paracones  +  meta- 
cones  of  the  molars;  and,  further,  because  the  so-called  "protocones" 
of  the  molars  seem  to  have  arisen  as  outgrowths  from  the  internal 
basal  dngulum,  correlated  with  the  development  of  the  talonids  or 
heels  of  the  lower  molars. 

A  further  conclusion  (p.  105),  in  line  with  the  foregoing,  is  that 
in  the  upper  molars  of  primitive  mammals  there  are  two  trigons: 
(1)  a  primary  or  anterior  trigon,  consisting  of  the  outer  side  of  the 
tooth  as  a  base  and  the  tip  of  the  paracone  as  its  apex,  and  (2)  a 
secondary  or  inner  trigon,  consisting  of  the  para-  and  metacones  as 
its  base  and  the  inwardly  grown  "protocone"  as  its  apex.  The  pri- 
mary trigon,  it  was  argued  (p.  106),  was  afterward  often  effaced  in 
correlation  with  the  transverse  expansion  of  the  hypoconid  of  the 
lower  molar,  because  the  hypoconid  grew  toward  the  buccal  side, 
separating  the  para-  and  metacones,  and  also,  as  it  were,  pushing 
them  toward  the  outer  side  of  the  crown,  which  often  became  reduced 
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in  width.  In  the  placental  series,  just  as  in  the  marsupials,  theexpan- 
sion  of  the  talonid  accompanied  the  (1)  anteroposterior  widening  of 
the  molars,  their  (2)  division  into  anterior  and  posterior  moieties,  and 
the  (3)  reduction  of  the  interdental  spaces  through  the  development 
of  a  postero-intemal  cusp  or  hypocone.  Thus,  while  the  "  protocones," 
or  internal  spurs,  were  received  into  the  basin  of  the  talonids  of  the 
lower  molars,  the  hypocones  overlapped  into  the  trigonid  basins  of 
the  molars. 

As  the  primary  shearing  and  interlocking  relations  of  the  primitive 
trigonal  upper  and  lower  teeth  were  more  or  less  superseded,  new  and 
diverse  cutting  and  crushing  adaptations  were  often  developed  by 
the  elaboration  of  crests  upon  the  surface  of  the  crown  (p.  108).  The 
subsequent  history  of  the  molar  patterns  in  the  highly  specialized 
ungulates  and  rodents  demonstrates  the  high  poteatiahties  for  sub- 
sequent modification  of  the  primitive  tritubercular  type,  and  affords 
so  many  examples  of  the  methods  by  which  these  complex  patterns 
have  been  attained  that  the  more  simple  results  of  molar  evolution 
in  the  primates  become  readily  discernible. 

Coming  nearer  to  the  latter  subject,  I  again  (p.  112)  suggested  the 
futility  of  basing  evolutionary  conclusions  on  comparisons  of  condi- 
tions in  widely  unrelated  groups,  as  when  authors  point  to  concres- 
cence of  teeth  in  elasmobranchs  as  evidence  that  in  mammals  each 
tooth  represents  the  fused  germs  of  a  "dental  family;"  and  I  empha- 
sized the  importance  of  systematic  comparisons  according  to  the 
taxonomic  or  phyletic  relationships  of  large  groups.  An  outline  of 
the  history  of  the  classification  of  the  primates  was  then  given  (p.  113), 
culminating  in  the  allocation  by  Linnieus,  of  man,  the  apes,  monkeys, 
and  bats,  to  the  order  Primates;  and  the  subsequent  improvement 
of  this  classification  down  to  the  present  time  was  noted. 

Although  the  direct  line  of  human  ascent  is  but  imperfectly  known, 
synthetic  studies  on  living  and  extinct  primates,  in  the  light  of  the 
palseontological  history  of  other  mammalian  phyla,  have  yielded 
definite  evidences  as  to  the  evolution  of  many  human  structures, 
such  as  the  dentition.  In  this  connection  I  find  much  that  is  true 
and  enduring  in  the  teachings  of  Huxley  and  other  pioneers  concern- 
ing human  evolution,  notwithstanding  the  fact  that  their  results 
have  recently  been  thrown  lightly  into  the  discard  by  Wood- Jones,  a 
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polemic  author  with  a  strong  bias  for  iconoclastic  methods.  To  judge 
by  his  book  on  "Arboreal  man"  and  by  his  brochure  on  " The  problem 
of  man's  ancestry,"  Wood- Jones  may  fairly  be  classed  with  those 
anatomists  who  have,  at  most,  a  superficial  acquaintance  with  verte- 
brate paleontology  and  yet  do  not  hesitate  to  give  judgment  on 
phylogenetic  problems,  for  the  proper  understanding  of  which  long 
and  wide  experience  with  palsontological  facts  and  principles  is 
prerequisite, 

I  hope  to  show  in  Part  IV  of  this  paper,  and  in  other  pubhcations, 
that  Wood- Jones's  leading  thought  as  to  "the  basal  maimnalian  prim- 
itiveness"  of  human  anatomy  has  even  less  foundation  in  fact  than 
his  pronouncement  that  the  lemurs  certainly  do  not  belong  to  the 
Primate  stem  (1918,  p  27).  In  the  present  section  (p.  114)  and  in 
my  memoir  on  the  American  Eocene  Primates,  I  have  defended  the 
older  view  that  the  lemurs  are  true  primates;  and  have  shown  that  a 
study  of  the  evolution  and  adaptive  radiation  of  their  skull  and  den- 
tition has  yielded  some  important  facts  and  principles  bearing  on 
the  early  stages  of  the  evolution  of  the  skull  and  dentition  of  man. 

Concerning  the  origin  of  the  primates  it  is  held  (p.  116)  that  the 
existing  Menotyphla  (a  group  of  insectivores  including  the  Tupaiidfe 
and  Macroscelididte)  represent  the  comparatively  little  modified  Cre- 
taceous ancestors  of  the  Primates;  and  the  dentition  of  several  Paleo- 
cene  and  Eocene  "Insectivores,"  that  probably  represent  more  or 
less  specialized  survivors  of  this  primitive  ancestral  group,  are  de- 
scribed and  figured.  Even  in  the  existing  Tupaiidx,  the  molars  are 
of  primitive  tritubercular  type  with  small  hypocones  in  the  upper, 
and  relatively  narrow  talonids  in  the  lower,  molars. 

The  evolution  of  the  dentition  in  the  primitive  American  Eocene 
lemuroids  of  the  family  Notharctidie  was  then  reviewed  (p.  121). 
It  was  shown  that,  when  first  known,  near  the  base  of  the  Lower 
Eocene,  these  animals  were  of  very  small  size,  with  insectivorous- 
frugivorous  dentition;  and  that  as  we  pass  through  ascending  levels 
they  steadily  increase  in  size,  cuhninaring  in  Nolharctus  crassus  at 
the  summit  of  the  Middle  Eocene,  the  adults  of  which  were  about  as 
large  as  a  howler  monkey.  The  lemur-like  skulls  and  jaws  in  this 
family  assuredly  afford  an  early  stage  of  primate  evolution,  tending 
to  connect  the  higher  primates  with  primidve  placental  mammals. 
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The  same  is  true  of  their  dental  formula  (I5  C{  Pj  Ms)  and  of  the 
construction  of  all  their  teeth.  The  incisors  and  canines  are  of  prim- 
itive type — not  modified  as  they  are  in  modem  lemurs — and  are  fitted 
to  give  rise  on  the  one  hand  to  the  procumbent  incisors  and  canines 
of  the  lonurs,  and  on  the  other  to  the  widened  incisors  and  stout 
canines  of  the  higher  primates. 

The  evolution  of  the  premolar  series  in  the  Notharctidae,  it  was 
shown  (p.  124),  parallels  that  in  many  other  Eocene  phyla  of  placental 
mammals,  and  lends  further  support  to  the  "premolar  analogy" 
theory  of  the  origin  of  the  tritubercular  molar.  It  was  noted  that 
the  fourth  upper  molar,  as  in  many  other  Eocene  phyla,  exhibits  a 
tendency  to  divide  into  anterior  and  posterior  moieties,  that  is,  to 
assume  the  molarifoim  pattern  which  is  more  fully  realized  in  the 
last  deciduous  premolars.  It  was  also  observed  that,  in  the  Eocene 
primates,  the  ultimate  and  the  penultimate  premolars  always  differ 
considerably  in  pattern;  whereas,  in  later  or  modem  primates,  these 
two  adjacent  teeth  tend  to  become  bicuspid  and  quite  like  each  other, 
and  unlike  the  molars.  It  was  also  held  that,  in  later  primates,  where 
only  two  premolars  on  each  side  are  present,  the  missing  ones  are 
the  first  and  second  of  the  primitive  four.  In  the  evolution  of  the 
lower  molars  were  noted  the  gradual  disappearance  of  the  paraconid, 
correlated  with  the  development  of  the  hypocone  and  the  reduction 
of  the  interdental  spaces  in  the  upper  molars.  We  also  noted  the 
transverse  widening  of  the  talonid  and  the  buccal  growth  of  the 
hypoconid,  this,  as  in  other  phyla,  conditioning  the  anteroposterior 
elongation  of  the  upper  molars  and  the  wider  separation  of  the  para- 
and  metacones. 

The  Notharctidx  are  distinguished  from  their  cousins,  the  European 
Adapidfe,  especially  by  the  progressive  development  of  the  meso- 
styles  and  V-shaped  para-  and  metacones;  and  by  the  origin  of  the 
postero-intemal  cusps  by  budding  or  fission  from  the  antero-intemal 
cusps;  whereas,  in  the  Adapidte.  the  upper  molars  never  develop 
mesostyles,  and  the  postero-internal  cusps  arise  as  normal  hypocones 
by  the  upgrowth  of  the  posterior  basal  cingulum.  These  differences, 
we  saw  (p.  135),  were  associated  with  differences  in  the  articular 
relations  of  the  parts  of  the  upper  and  lower  teeth,  and  in  the  normal 
paths  followed  by  the  mandible  in  mastication.    In  the  Notharctidsei 
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the  movement  of  the  mandiblp  progressively  developed  a  more  trans- 
verse component,  the  lower  teeth  engaging  first  on  the  outer  side  of 
the  upper  and  passing  obliqijely  across  them  toward  the  inner  side; 
whereas,  in  the  Adapidx,  the  motion  of  the  mandible  was  more  vertical. 
There  was  therefore,  in  the  latter  family,  no  functional  need  of  meso- 
styles;  but,  on  the  other  hand,  the  transverse  crests  on  the  protoconules 
became  emphasized,  as  in  the  Lemuridas. 

Forsyth  Major's  view,  that  the  Lemuridse  have  been  derived  from 
or  are  closely  related  to  the  Adapid^,  was  adopted  in  preference 
to  that  of  Stehlin,  who  holds  that  the  Adapidse  have  no  near  relations 
with  the  Lemurids.  It  was  held  that  the  observed  conditions  of 
the  front  teeth  in  the  Lemuridae  have  been  derived  from  the  primitive 
conditions  seen  in  the  primitive  Adapts  sciureus  through  a  profound 
change  of  function,  because  the  modem  lemurs  use  their  curiously 
specialized  comb-like  front  teeth  in  cleaning  their  fur  (figs.  71,  72). 

The  Adapids  have  sometimes  been  regarded  as  standing  in,  or 
near,  the  line  of  ascent  leading  to  the  higher  Primates;  but  this  view 
is  held  to  be  erroneous  on  account  of  their  resemblances  with  the 
Lemurids  and  partly  because,  as  suggested  by  Leidy  and  by  Wortman, 
the  South  American  monkeys  may  have  been  derived  from  the  Noth- 
arctidae,  as  indicated  by  many  resemblances  in  the  skull  and  dentition. 
The  pecuhar  procumbent,  comb-hke  arrangement  of  the  front  teeth 
has  been  assumed  independently  in  the  Lemuridae,  Indrisidae  and 
Lorisidx.  It  affords  an  example  of  the  phenomenon  that  quite 
similar  specializations  are  often  independently  evolved  in  families 
that  have  been  derived  from  a  common  stock. 

The  opposite  principle,  that  very  wide  differences  may  also  be 
evolved  in  closely  related  stocks,  is  then  illustrated  by  a  brief  review 
of  the  adaptive  radiation  of  the  dentition  in  the  higher  lemurs  of 
Madagascar.  Some  of  these  animals  became  so  monkey-like  in  ap- 
pearance as  to  have  led  certain  authors  to  the  conclusion  that  they 
were  really  intermediate  between  monkeys  and  lemurs.  The  tact  is, 
however,  that  they  were  monkey-like  only  in  their  "habitus"  of 
recently  adapted  features,  while  they  retained  the  old  lemuroid 
"heritage"  in  many  less  conspicuous  characters.  This  family  (the 
Archseolemurida)  further  parallels  some  of  the  higher  primates  in 
the  bilophodont  specialization  of  the  upper  molars. 
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The  iDdrisine  lemurs  (Indrisida;)  afford  an  instructive  example  of 
the  reduction  in  the  number  of  the  premolars  from  four  to  two  on  each 
side,  by  the  loss  of  the  anterior  two,  probably  conditioned  by  the 
shortening  of  the  face  and  by  the  crowding  of  the  dentition  due  to 
the  increase  in  the  anteroposterior  diameter  of  the  remaining  cheek- 
teeth. The  molars  bear  W-shaped  crests  on  the  para-  and  metacones, 
and  thus  parallel  those  of  the  Notharctid^  and  other  leaf-eating 
mammals. 

In  all  the  modem  lemurifoim  primates,  the  lower  canine  is  taken 
over  into  the  incisor  series;  and  the  second  or  third  lower  premolar 
becomes  more  or  less  caniniform  and  opposes  the  upper  canine.  This 
illustrates  the  important  general  principle  that  individual  teeth, 
like  other  parts  of  the  skeleton,  tend  to  assume  the  form  required  of 
them  by  their  topographic  position  and  functional  relations  to  the 
surrounding  parts. 

The  case  of  Chtromys  (p.  146),  which  was  regarded  by  early  zool- 
ogists as  a  rodent  but  was  soon  shown  to  belong  with  the  lemuroid 
primates,  illustrates  a  fact  bearing  on  the  taxonomic  history  and  rela- 
tionships of  man,  namely,  that  the  taxonomic  system  of  the  present 
time  is  the  end-result  of  innumerable  detailed  studies  on  the  anatomy 
and  palfeontological  history  of  the  vertebrates ;  and,  in  consequence, 
the  status  of  the  vast  majority  of  known  mammals  has  been  closely 
scrutinized,  and  many  erroneous  allocations,  due  to  deceptive  resem- 
blances brought  about  by  convergent  evolution,  have  been  detected 
and  theintruding  forms  transferred  to  their  proper  places  in  the  system. 


Plate  5 

Homologiea  of  the  external,  middle,  and  Internal  row  of  cusps  in  the  premolai^molar 
series  of  primitive  placentals  and  marsupials.  The  figures  are  arranged  according  to  the 
geological  horizon  of  the  genera. 

The  red  series  includes  the  main  tips  of  the  premolars,  and  the  para-  and  metacone* 
of  the  molars. 

The  green  series  includes  the  primitive  outer  row,  which  gives  rise  in  later  forms  to 
the  external  cingulum  and  its  cusps. 

The  yeUffU)  series  includes  the  internal  spur  oE  the  premolars  and  the  so-called  pioto- 
cones  of  the  molars. 

A-D. — Zalambdodont  insectivorcs.  In  these,  the  red  series  becomes  predominant, 
gTDwiog  inward,  as  the  yellow  series  is  reduced  to  a  vestigial  condition  associated  with  a 
secondary  reduction  of  the  talonid. 

E. — Dryolestes.  The  main  tips  of  the  molars  appear  to  be  homologous  with  the  apices 
of  the  premolars  and,  therefore,  to  belong  to  the  red  series.  The  yellow  series  is  posably 
represented  by  the  internal  cingulum  of  the  molars. 

F. — Aplernodus,  an  Oligocene  forErunner  of  the  modem  Cape  Golden  Mole  {G).  Here 
we  seem  to  have  the  primary  trigon  with  its  apex  (red)  still  undivided,  but  this  is  possibly 
secondary.    It  is  surely  correlated  mth  the  lack  of  a  talonid  in  the  lower  molars. 

H. — Diddphodus.  A  primitive  Eocene  insectivore,  in  which  the  three  series  of  cuqn 
are  all  well  developed.  The  para-  and  metacones  are  moderately  separated  in  corre- 
lation with  the  moderate  transverse  diameter  of  the  talonid  (Compare  Jig.  47). 

t. — Proscalops.  A  highly  specialized  insectivore,  in  which  the  para-  and  metaconet' 
are  widely  separated  and  the  talonid  is  wide. 

/. — Trkentes.  A  primitive  carnivore  with  reduced  outer  cusps  (green  row)  and  well 
developed  intier  row  (yellow).    The  secondary  trigon  has  replaced  the  primary  trigon. 

K. — Peralesla.    In  ihiit  Jurassic  trituberculate  only  the  primary  trigon  is  developed. 

L,  M. — Modem  polyprotodont  marsupials  (survivors  of  the  Upper  Crelaceous  mar- 
supiab),  in  which  the  outer  (green)  row  is  strongly  developed. 

N. — Primitive  Eocene  condylarth,  with  reduced  outer  row  and  large  inner  row, 

0. — Primitive  tarsjoid  primate. 

P,  Q,  R. — Primitive  leptictid  insectivorcs. 


PlatiIS 

Medial  upect  of  the  right  mandibular  immiu  in  time  species  of  Eocene  NothaTctidc 
tiom  successive  horiams,  showing  a  rapid  increase  in  sise  of  jav  and  a  slow  evolution 
of  the  third  lower  premolar.    X  3. 

1. — Pdycedut  trigonodus.  Lower  Eocene,  Gray  Bull  fonnation,  Wyoming.  Amer. 
Mua.  Nat.  mst.,  do.  ie,&43. 

2.—Pdycoius  jarmi.  Lower  Eocene,  Lyute  formation,  Wyoming.  Amer.  Mut. 
Nat.  Hist.,  DO.  15,624. 

i.—Notkarctus  otborm.  Middle  Eocene,  Lower  Bridger  formation,  Wyoming.  Amer. 
Mut.  Nat.  Hist,  DO.  11,466. 
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Plate  7 

Evolution  of  the  upper  pre  molar-molar  series  in  species  of  Eocene  Nolharctidat  from 
successive  geological  horizons. 

1. — Pclycodus  rahloni.  Lower  Eocene,  Sand  Coufe  formation,  Wyoming.  Amer, 
Mus.  Nat.  Hist.,  no.  16,0S9. 

2. — Pdycoduv  frugivortis.  Lower  Eocene,  Gray  Bull  formation,  Wyoming.  .\mer. 
Mus.  Nat.  Hist.,  no.  15,022. 

3. — Nolkarelni  niinUnus.  Lower  Eocene,  Lost  Cabin  formation,  Wyoming.  Amer. 
Mus.  Nat.  Hist.,  no.  4,735. 

4. — Nolharctus  crassus.  Middle  Eocene,  Upper  Bridger  formation,  Wyoming.  Amer. 
Mus.  Nat.  Hist.,  no.  11,9S2. 
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PART  III 

Nature's   Earlier   Experiments  in   Evolving 
Large-eyed  and  Short-jawed  Primates 


r.  THE  LORISES  (LORISID^) 

The  existing  lorises,  of  Asia  and  Africa,  and  the  galagos,  of  Africa, 
represent  some  of  nature's  experiments  in  evolving  large-brained  and 
short-jawed  primates  from  a  primitive  lemuroid  stock.  Although 
they  closely  parallel  the  tarsioids  in  these  features,  as  well  as  in  the 
enlargement  of  the  eyes  and  internal  ears,  their  status  as  true  lemu- 
rdds  is  established  by  the  following  characters:  (1)  their  lower  front 
teeth  have  assumed  the  peculiar  lemurine  specializations  described 
in  Part  II  of  this  review;  (2)  they  still  retain  the  primitive  pointed 
and  projecting  rhinarium,  or  snout,  of  the  lemurs,  which  is  replaced 
by  a  true  nose  in  Tarsius  and  the  higher  primates  (Pocock,  1918); 
(3)  their  hands  and  feet  and  (4)  their  reproductive  organs  (Pocock, 
op.  cU.)  are  much  like  those  of  typical  lemurs,  only  further  evolved 
in  the  same  direction. 

The  chief  Unes  of  specialization  in  the  skull  and  dentition  of  the 
Loii^dx  {figs.  78-93)  have  apparently  been  as  follows:  in  connection 
with  nocturnal  habits  the  orbits  in  the  more  typical  fonns  have 
become  greatly  enlarged  and  their  outer  rims  have  grown  forward, 
so  that  the  eyes  look  partly  forward  and  protrude  widely  from  their 
sockets.  Thus  the  orbits  closely  approach  each  other  in  the  mid 
line,  finally  producing  an  extreme  constriction  of  the  interorbital 
region  as  in  Loris  (figs.  79-91).  In  correlation  with  the  bulging  and 
forward  shifting  of  the  eyes  and  the  restriction  of  the  interorbital 
space,  the  lacrymal  bones  become  greatly  reduced  in  size  and  the 
lacrymal  ducts  are  displaced  forward  in  front  of  the  orbits.  In  spite 
of  these  specializations  the  whole  bony  face,  instead  of  being  greatly 
retracted  and  bent  down  beneath  the  braincase,  as  in  some  higher 
primates,  retains  much  of  its  primitive  lemuroid  appearance  in  which 
the  face  is  wholly  anterior  to  the  low  braincase,  and  the  pointed 
insectivore-like  snout  projects  strongly  in  front  of  the  orbits. 

Perhaps  in  correlation  with  the  enlargement  of  the  eyes  and  of  the 
auditory  parts  of  the  brain,  the  cranium  has  become  expanded  later- 
ally, especially  in  the  occipital  region  {figs.  86-93).  The  middle  part 
of  the  cranium  between  the  posterior  molars  and  the  auditory  bullae 
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appears  relaiivtly  Umz.  pi>=5ij>ly  in  pan  becau^it  ihe  c»tii5.  m  *hj'"'w»f 
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Fig.  77.  The  Slow  Lokis  (Nyclktbuscoucani).    Attek  D.  G.  Eluot,  troh  a  SFECtKEK 
IN  THE  New  Yoke  ZoAlocical  Paxe 
Habitat:  Bengal,  Burma.    Suborder  Lemuroidea,  family  Loruid«.    One  of  nature** 
ciperiments  in  evolving  large-eyed,  short-jawed  primates. 

canines  are  considerably  enlarged,  as  in  Nycticebus  naluna  {fig.  S6). 
The  molar  series  in  Nycticebus  is  restricted  posteriorly,  the  third 
molars  being  small,  a  tendency  shown  in  other  groups  of  primates. 
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The  loss  of  p'  in  the  upper  jaw  and  pi  in  the  lower  jaw,  on  the  other 
hand,_was  probably  coincident  with  the  transformation  in  the  lower 


Fro.  78.  IfyaUtbtUMatuna,  X3/2  Fic.80.  Arctocebus  calabarenssi,  X  3/2 

FiOB.  78  TO  93,  racLusivK.    Coupabative  Sesies:  Skulls  or  Recent  LofiiSin£ 

Pbotographa  by  A.  E.  Andersoo,  figures  rearranged  from  D.  G.  Elliot's  monograph 
on  tbe  Prfmatea.    Pbtes  loaned  by  the  American  Museum  of  Natural  History. 

front  teeth  by  which  the  canine  was  taken  over  into  the  indsor  series, 
and  the  second  lower  premolar  became  enlarged  and  subcanlmfonn. 
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This,  in  turn,  may  have  been  conditioned  by  the  lemurid  habit  of 
cleaning  the  fur  with  the  thick  tongue  and  the  lower  front  teeth.    The 


Fig.  83.  Laris  tardipadui,  X  3  /  2 


FiC.  82.  Nyclictbi 


X3/2 


lorises  are  said  to  feed  upon  leaves  and  young  shoots,  fruits,  insects, 
birds  and  bird  eggs,  and  for  this  mixed  diet  their  sharp  pieidng 
canines  and  low-cusped  cheek  teeth  appear  well  adapted. 
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The  genera  Nyclicebus,  Loris,  Arclocebus  and  Perodicticus  appear 


Fio.  85.  Ptrodieticus  potto,  X  1 


Fio.  84.  Arclocthus  calaharemh,  X  .'/  2 


to  fonn  a  structural  series  [figs.  86-89),  showing  a  gradual  loss  of 
more  primitive  characters  in  the  cheek  teeth. 
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Nycticebus.  The  dentition  of  Nyclicebus  natuna  is  relatively  primi- 
tive in  the  fact  that  p'  has  a  well-developed  internal  cusp  like  that 
in  the  Eocene  lemurs,  while  p*  likewise  retains  a  well  developed 
postero-internal  cingulum  and  sharp  external  cingulum,  parastyle 
and  metastyle.  The  molars  also  retain  some  of  the  crescentic  or 
V-shaped  form  of  the  principal  cusps  usually  found  in  Eocene  pri- 
mates. The  proto-  and  metaconules  are  also  distinct,  and  except  on 
m'  they  have  a  well-developed  cingulum -hypocone.  The  upper  in- 
cisors, on  the  other  hand,  are  often  quite  small.  The  canines  are 
large  and  dagger-like  with  a  pronounced  worn  surface  on  the  postero- 
lingual  face  for  articulation  with  the  high,  caniniform  lower  premolar 

Arctocebus.  This  genus  is  more  or  less  intermediate  in  skuU  and 
dental  characters  between  Nyclicebus  and  Loris,  on  the  one  hand,  and 
Perodiclicus  on  the  other. 

Perodkticus.  As  compared  with  other  lorises  this  retrogressively 
specialized  genus  has  comparatively  small  orbits,  a  coarse,  wider 
muzzle,  stouter  zygomatic  arches  and  lower  jaw,  and  a  less  volumi- 
nous brain  case.  The  incisors  and  canines  exhibit  the  typical  lemu- 
roid  spedalizations,  being  procumbent  and  styloid.  The  lower  an- 
terior premolar  (pj)  is  enlarged  and  more  or  less  caniniform.  In  the 
upper  dentition  there  are  three  premolars,  only  the  first  of  the  primi- 
tive placental  series  being  absent.  The  upp>er  canine  is  considerably 
enlarged  and  dagger-like,  directed  vertically  downward,  and  adapted 
perhaps  to  piercing  fruit  and  to. killing  insects  and  small  animals. 
The  first  functional  upper  premolar  (homologous  with  p*)  is  somewhat 
large  and  partly  resembles  the  canine,  since  its  border  articulated 
with  the  subcaniniform  ps.  P'  is  quite  small,  with  very  simple  rounded 
crown,  which  may  safely  be  regarded  as  degenerate  in  form.  The 
rounded  fourth  upper  premolar  is  bicuspid,  so  that  p*  and  p"  are  very 
unlike.  The  first  and  second  upper  molars  are  tritubercular,  with 
rounded  cusps  lacking  external  cingula  and  with  very  feeble  hypo- 
cones. 

The  rounded  form  of  all  the  cheek  teeth  is  certainly  a  degenerate 
and  secondary  character.  It  has  been  paralleled  in  other  phyla  of 
mammals,  as  among  the  Viverridse,  Procyonidie,  Lemuridie  (Chtro- 
gale,  Attililemur),  Cebidas,  Hapahdie.     Similarly  in  the  lower  teeth 
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of  Perodiclicus  the  cusps  are  for  the  most  part  blunt  and  rounded. 
This  retrogressive  rounding  of  the  teeth  is  also  observed  in  modem 
man  and  to  a  certain  extent  in  the  chimpanzee,  and  is  often  connected 
with  omnivorous  habits.  In  Perodiclicus  the  thickened  form  of  the 
zygomatic  arch,  the  widening  of  the  muzzle,  and  the  relatively  small 
size  of  the  orbits  and  braincase  are  probably  all  degenerative  speciali- 
zations, derived,  through  the  conditions  preserved  in  Arctocebus,  from 
the  more  primitive  conditions  of  Nycticebus. 

Thus,  careful  and  repeated  studies  of  the  skulls  and  dentitions  of 
recent  lorises  and  galagos  lead  to  the  provisional  conclusion  that  on 
the  whole  the  least  specialized  dentition  is  that  of  Nycticebus.  Con- 
sidering the  dentition  of  the  whole  group,  degeneration,  or  the  loss 
of  primitive  characters,  in  this  case,  as  in  many  others,  has  brought 
about  an  apparent  simplicity  or  primitiveness  in  the  end  stages, 
which  is  at  first  sight  very  deceptive  and  likely  to  lead  to  erroneous 
phylogenetic  conclusions. 

Unfortunately  but  little  or  nothing  is  known  of  the  palaeontological 
history  of  the  Lorisidie.  PronycUcebus,  of  the  Bartonian  or  Middle 
Eocene  of  France,  represented  by  a  skull  {fig.  133)  with  well  preserved 
cheek  teeth,  was  regarded  by  its  discoverer,  Grandidier  (1905),  as  at 
least  structurally  ancestral  to  the  existing  Nycticebus;  in  many  re- 
sperts  it  is  certainly  more  primitive  than  that  animal  and  stands  on 
a  lower  stage  of  evolution.  Stehlin,  on  the  other  hand,  in  his  great 
work  on  the  primates  of  the  Swiss  Eocene  (1916,  pp.  1421-1423), 
shows  that  Pronycticebus  {fig.  132)  resembles  Anchomomys  (figs.  128, 
129, 130)  in  many  characters  of  the  dentition;  and  thus  it  may  be  con- 
nected with  the  stem  of  the  tarsioid  series  (see  below,  page  393). 
Pseudoloris  {figs.  126,  127),  another  primate  of  Bartonian  age,  also 
appears  to  be  related  to  the  Eocene  tarsioids  rather  than  to  the  lorises 
(Stehlin,  op.  cU.,  pp.  1396-1400). 

In  conclusion,  the  Lorisidit  in  their  cranial  and  dental  construction 
carry  further  the  normal  line  of  lemuroid  evolution  indicated  in  some  of 
the  sptalUr  Lemurida,  such  as  Microcebus  and  Chirogale,  which  they 
closely  resemble  in  many  characters.  Their  evolutionary  trends  contrast 
widely  with  those  of  many  of  the  higher  primates,  in  which  the  shortening 
of  the  face  and  its  retraction  beneath  the  braincase  foreshadow  the  human 
conditions.    So,  loo,  lite  dentition  of  the  Lorisida  as  a  whole,  although 
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sometimes  retrogressive  in  the  molar  region,  parallels  that  of  the  smaller 
lemurs  and  to  a  certain  extent  that  oj  the  tarsioids,  but  contains  no  promise 
of  human  possibilities. 

II.  THE  GALAGOS  (GALAGID.E) 

The  galagos  were  formerly  united  with  the  lorises  in  the  family 
Lorisidff,  but  they  differ  very  widely  from  them  in  the  elongation  of 


Fic.  94.  Heuigalago 


D  Centkal  Africa.    Apteb  Ellioi 


Suborder  Lemuroidea,  family  GalagidEc 


the  tarsus  and  in  the  more  Tarsius-like  general  appearance  (fig.  94), 
so  that  they  have  lately  been  set  apart  as  a  separate  family  (Pocock, 
1918).    Their  fossil  history  is  entirely  unknown. 
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Fio.  95.  Btntitalate  iemidofi,  X  2 


FlO.  96.  G(Uato  aUeni,  X  3 '  2 


Pig.  97.  Galat»  etaiskoudalus,  X  1  Fig.  9S.  Gaiago  ile%atilutus,  X  3  /  2 


Figs.  95  to  110,  iKCLaaivE.    Coufasative  Series:  Skulls  op  Recent  Galacips 
Photognphs  by  A.  E.  Anderson;  skulls  after  Elliot,  rearranged.    Plates  loaned  by 
the  American  MuMum  of  Natural  Histoiy. 
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Fro.  105.  Gakt» crasncBvdaliis,  X  I  Pig.  106.  Calago dtgaKtului,  X  3/2 
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Fio.  109.  Galato  craiikaudaHu,  X  1  Fic.  110.  Cofoftf  ihtnittiha,  X  3  /2 
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They  are  essentially  nocturnal  in  habits  and  accordingly  they  par- 
allel the  Lorisidfe  and  Tarsiids  in  the  enlargement  of  the  orbits,  in 
the  restriction  of  the  interorbital  region,  in  the  pointed  elongate  form 
of  the  muzzle,  and  in  the  transverse  expansion  of  the  braincase.  But 
they  differ  from  the  typical  Lorisida°  in  the  following  skull  characters: 
(1)  the  orbits  {figs.  107-110)  are  directed  more  outward  and  are 
usually  even  larger  than  in  the  Lorisidx;  (2)  the  orbital  rims  and 
sj^omatic  arches  are  extremely  deUcate;  (3)  the  cranium  is  not 
flattoied  posteriorly  but  is  decidedly  rounded  across  the  occiput,  and 
the  mastoids,  although  inflated,  do  not  project  laterally;  (4)  the 
bascranial  region  ifigs.  102-105)  is  often  longer  and  the  midcranial 
i^on  relatively  shorter;  (5)  the  palate  and  dental  arch  are  often 
narrower;  (6)  the  mandible  {figs.  99-102)  is  longer  and  much  more 
slender  and  the  ascending  ramus  is  narrower.  The  skull  as  a  whole 
is  longer  and  narrower,  with  a  more  elongate  muzzle  and  with  the  face 
even  more  produced  in  front  of  the  cranium. 

There  are  no  very  important  differences  between  the  galagos  and 
tite  lorises  in  their  lemur-like  incisors  and  canines  {fig.  Ill),  but  the 
fourth  premolars  of  the  galagos  are  submolariform,  with  a  well  de- 
vekq>ed  cingulum-hypocone  and  two  external  cusps.  Similarly,  the 
fourth  lower  premolars  are  more  advanced  and  submolariform,  with 
wdl  developed  talonids,  while  those  in  the  Lorisidx  are  compressed 
anteroposteiiorly,  with  reduced  talonids.  The  upper  molars  are  of 
the  liaiTow  tritubercular  type,  often  with  conspicuous  posterior  pro- 
jections in  the  region  of  the  metastyles  and  the  upper  molars  with 
prominent  dngulum-hypocones.  They  feed  upon  a  mixed  diet  in- 
cluding fruits,  insects,  and  small  birds  and  their  eggs  (Lydekker). 

GtUago  dtgantidus  (figs.  98,  102,  106)  and  Hemigalago  {figs.  95,  99, 
lOS)  have  extremely  large  eyes  and  well  rounded  crania,  so  that  they 
eqiedally  suggest  the  tarsioids,  but  they  retain  the  projecting  nose 
and  many  other  lemuroid  characters  (Pocock,  1918). 

Thus  the  galagos  are  unquestionably  true  lemuroids,  which  parallel 
the  Tarsius  group,  but  are  not  ancestral  to  it.  Nevertheless  they 
ilhutrate,  in  certain  characters,  some  of  the  structural  stages  by  which 
the  taisioid  grade  of  evolution  was  derived  from  that  of  the  primitive 
lemuroids. 
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III.  THE  TARSIOIDS  (TARSIOIDEA) 

NORTH  AMERICAN  EOCENE   TARSIOIDS 

The  Eocene  tarsioids  of  North  America  have  been  described  espe- 
dally  by  Cope  (1885),  Osbom  (1902),  Wortman  (1904),  and  Matthew 
(1915).  They  include  a  number  of  eariy  specialized  side  lines  of  the 
Lower  and  Middle  Eocene,  such  as  Telonias,  Absarokius,  Anapto- 
morphus,  l/intanius,  together  with  somewhat  less  specialized  and 
more  central  but  on  the  whole  later  genera  of  the  Middle  Eocene, 
especially  Omomys  and  Hemiacodon.  They  are  not  known  in  later 
formations.  On  account  of  their  various  specializations  none  of  them 
seems  to  be  directly  ancestral  to  the  modem  Tarsius,  which  is  more 
probably  derived  from  some  Eurasiatic  Eocene  member  of  the  group. 
They  are  all  small  and  some  are  very  minute  in  size,  one  of  them 
(Telonitts  musculus  Matthew)  having  the  three  lower  molars  not  more 
than  5  mm.  in  length.  From  the  fairly  well  preserved  skull  of  Telo- 
nius  homunculus,  noted  below  (fig.  118) ,  and  from  fragmentary  remains 
of  the  skull  in  other  genera,  it  appears  that  the  American  Eocene 
tarsioids,  like  their  contemporary  relatives  in  Europe,  had  very  large 
orbits  and  were  possibly  nocturnal  in  habits,  like  the  existing  lorises, 
galagos  and  Tarsius;  also  that  the  braincase  was  widely  expanded 
transversely,  with  slight  or  no  sagittal  crest.  The  jaws  were  slender 
(fig.  112)  to  deep  (fig.  119)  in  front,  the  latter  in  those  with  enlarged 
front  teeth;  lower  front  teeth  variously  modified,  but  often  with  a 
pair  of  enlarged  proclivous  lower  canines  or  incisors  (fig.  118) ;  pre- 
molar series  reduced,  the  third  and  fourth  upper  premolars  (figs.  HZ, 
116, 117,  119,  125)  tending  to  become  bicuspid,  the  fourth  lower  pre- 
molar (figs.  112,  lis,  125)  often  with  high  compressed  crown;  upper 
molars  triangular  (figs.  112, 113, 116, 117, 119,  ;25),  wide  transversely, 
in  correlation  with  transverse  widening  of  the  talonids  of  the  lower 
molars  (figs.  119,  124) ;  trigonids  small,  high;  talonids  low  and  large. 
Olfactory  parts  of  skull  much  restricted;  optic  and  auditory  parts 
greatly  enlarged  (fig.  123).  Limbs,  so  far  as  known,  adapted  for 
leaping  in  the  trees,  as  in  the  modem  Tarsius.  This  animal  is  said 
to  feed  upon  insects  and  small  reptiles,  but  apparently  not  upon 
fruits  (Lydekker). 
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The  known  American  Eocene  tarsioids  were  rather  widely  separated 
from  the  contemporary  lemuroids,  both  in  dentition  and  in  skull 
characters, 

Omomys.  Apparently  the  least  specialized  of  the  American  forms 
is  the  genus  Omomys  Letdy  {fig.  112),  from  the  Lower  and  Middle 
Eocene  of  Wyoming.  As  described  by  Wortman  (1904)  and  by  Mat- 
thew (1915),  the  dental  formula  is  ijcl  PjMi  which,  so  far  as  known, 
is  identical  with  that  of  the  South  American  monkeys.  The  lower 
indsors  are  procumbent  and  the  medial  pair  somewhat  enlarged,  the 
second  small.  The  lower  canine  also  is  semi-procumbent,  tending  to 
become  like  the  indsors.  Thus  even  in  this  early  genus  there  is  al- 
ready a  tendency  toward  the  enlargement  and  procumbency  of  the 
medial  and  lower  front  teeth,  a  feature  which  in  some  taisicnds  finally 
results  in  an  almost  rodent-like  condition. 

The  first  lower  premolar  of  the  primitive  primates  has  already  been 
eliminated.  The  second  has  a  pointed  conical  tip,  the  third  (p,) 
has  a  high,  pointed  protoconid,  a  triangular  base,  with  an  indpient 
metaconid;  it  also  has  a  very  small  and  crowded  talonid  overlapped 
by  the  front  part  of  pj.  In  p,  the  crown  is  submolarifonn,  as  there 
is  a  trigonid  with  an  indpient  paraconid  and  well  developed  meta- 
conid in  addition  to  the  high  protoconid;  but  the  talonid  is  very 
small  and  crowded,  and  is  widely  overlapped  by  mi,  in  correlation 
with  the  anteroposterior  elongation  of  the  lower  molars.  Thus  there 
is  a  greater  contrast  between  p,  and  mi  than  there  is  in  the  more  primi- 
tive contemporary  primates  of  the  family  Notharctidx  (described  in 
Part  II),  and  very  possibly  the  abbre\'iation  of  the  talonid  of  p^  is 
partly  secondary  in  this  family. 

The  lower  molars  are  fairly  primitive,  with  a  high,  well  defined 
trigonid  and  a  comparatively  low  talonid.  But  the  hypoconid  is 
unusually  large  and  projects  buccally.  This  is  correlated  with  the 
transverse  widening  of  the  upper  molars  and  with  the  displacement  of 
the  para-  and  metacones  toward  the  buccal  margin  of  the  crown. 
(Analogous  instances  have  been  dted  in  Part  II  of  this  work.)  The 
third  lower  molar  has  a  reduced  trigonid  and  a  fairly  large  median 
cusp,  or  hypoconulid.  In  general  the  lower  dentition,  even  of  this 
relatively  primitive  member  of  the  tarsioid  series,  is  probably  more 
tpedaiized  than  that  of  the  oldest  Xotharctidje,  described  in  Part  11. 
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Fio.  112.  Omomyisp.    Ufpeb 


After  W.  D.  Matthew 


Upper  im,  outer  aod  crown  views.  Upper  Bridger  beds  (Middle  Eocene),  Itridger 
buiQ,  Wyoming.  Lower  j>w,  inner,  ouier  and  crown  views.  Loner  Bridger  beds 
(Middle  Eocene),  Bridger  basin,  Wyoming.  Froni  teelh  restored  from  Amer.  Mus.  no. 
12,600.    Suborder  Tarsioidea,  family  Taisiida^. 
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The  upper  incisors  and  canines  of  Omomys  are  not  known.  The 
first  premolar  was  probably  wanting  and  p^  was  certainly  small,  as 
shown  by  its  alveolus.  P*  is  bicuspid  and  like  p*.  but  less  advanced. 
It  has  a  high,  pointed  apex  on  the  outer  side  of  the  crown  and  a  low 
lingua)  cusp  continuous  with  the  internal  cinguluni.  P^  is  fully 
bicuspid,  nith  a  ^'eT^-  prominent  piercing  external  a[>ex.  Thus  the 
tendenc>-  for  p*  and  p*  to  become  closely  alike  is  e\ident  even  in  the 
most  primitive  of  this  family. 


D  RicaT  I'PFEB  Cheek 


Cpper  Bridger  beds ;  Middle  Eocene;,  Bridger  tujin.  \Y\'omiDg.    Suborder Tan!<»dei 
family  Taniidz. 


The  upper  molars  of  Omomys  are  wide,  in  correlation  with  the  n-idth 
of  the  talonid.  The  external  cingulum  is  reduced  and  the  para-  and 
metacones  are  more  or  less  rounded,  all  relatively  advanced  char- 
acters. Well  defined  \'-shaped  proto-  and  metaconules  are  present 
OD  the  sharp  slopes  of  the  protocones  and  have  the  usual  relations  with 
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the  parts  of  the  lower  molars.  The  interdental  spaces  are  well  marked, 
in  correlation  with  the  comparatively  primitive  condition  of  the  tri- 
gonids  and  the  feeble  development  of  the  hypocones.  They  are 
retained  throughout  the  family  and  even  in  the  modem  Tarsius. 

Bemiacodon.    This  genus,  from  the  Middle  Eocene  of  Wyoming,  is 
closely  related  to  Omomys  and  may  be  regarded  as  a  derivative  of  it 


Fig.  114.  Etmiacodoti' gracilis.    Low. 


After  Matthew 


Upper BrtdgcT  beds  (Middle  Eocene),  Bridger  baBin,  Wyoming.    Front  teeth  restored 
from  Amer.  Mus.  uo.  12,037.    Suborder  Tarsioidea,  family  Tarsiidz. 


(Matthew,  1915,  p.  451).  The  wide  upper  molars  {fig.  113)  have  large 
rounded  proto-  and  metaconules  and  two  small  accessory  cusps 
(proto-  and  hypostyles)  on  the  internal  cingulum  of  m',  m*.  The 
third  upper  molar  is  much  smaller  than  the  others;  the  enamel  sur- 
face of  the  crowns  is  wrinkled.  The  lower  premolars,  p«,  p»,  are  some- 
what but  not  greatly  enlarged,  and  the  lower  front  teeth  are  gently 
procumbent  {fig.  114).    The  lower  molars  mi,  mi  {figs.  113,  114)  have 
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the  wide  talonids,  characteristic  of  the  group,  and  correlated  with 
the  great  width  of  the  upper  molars.  The  lower  front  teeth,  or  cen- 
tral incisors,  are  semi-procumbent  and  considerably  enlarged;  the 
canines  are  small  (fig.  114). 

With  regard  to  skull  characters  Wortman  states  (1904,  p.  137)  that 
in  the  fragment  of  a  maxillary  which  he  hgures  {fig.  113),  "the  anterior 
limits  of  the  malar  can  be  easily  made  out.  It  is  thus  shown  that  it 
does  not  reach  forward  to  the  lachrymal,  but  leaves  the  maxillary  a 
considerable  share  in  the  anterior  boundary  of  the  orbit,  as  in  the 
monkeys.  The  rather  small,  single,  infraorbital  foramen  is  situated 
above  and  opposite  the  posterior  edge  of  the  third  premolar,  about  in 
the  same  relative  position  as  that  of  the  squirrel  monkey.  The  inax- 
illary  gives  further  evidence  of  proportionately  large  orbits,  and  if 
the  superior  dental  formula  was  the  same  as  that  for  the  lower  jaw, 
the  muzzle  must  have  been  considerably  abbreviated.  The  whole 
asjiect  is,  in  fact,  not  only  characteristically  Primate,  but  one  con- 
siderably advanced." 

Washakius.  As  described  by  Leidy  (1873),  Wortman  (1904),  and 
Matthew  (1915),  Washakius  [figs.  115,  116)  is  another  very  small 
tarsioid  from  the  Middle  Eocene  of  Wyoming,  which  has  the  dental 
formula  I|  Ci  P|  MS.  Washakius  is  distinguished  especially  by  the 
presence  of  metastylids  (accessory  cusps  posterolingual  to  the  meta- 
conlds  of  the  lower  molars) ,  and  by  the  coarse  wrinkling  of  the  enamel 
in  the  upper  molars.  The  latter  have  the  main  cusps  well  rounded 
rather  than  angulate,  and  the  first  and  second  upper  molars  have 
small  but  rounded  hypocones.  The  lower  incisors  were  small,  much 
less  procumbent  than  in  Hemiacodon;  the  lower  canine  was  small, 
not  procumbent.  From  the  shape  of  the  superior  maxilla,  figured  by 
Wortman  (1904,  p.  210),  it  seems  very  likely  that  the  orbit  was  large, 
as  it  was  in  Hemiacodon  and  in  the  older  related  genus  Shoshonius 
{fig.  117),  which  is  distinguished  especially  by  its  large  mesostyles 
and  by  the  feeble  development  of  the  internal  cingulum  cusps. 

TeUmius.  That  the  tarsioid  group  very  early  became  separated 
from  the  lower  lemuroid  primates  is  indicated  by  the  fact  that  even 
in  the  Lower  Eocene  it  is  already  represented  by  a  relatively  s[>ecial- 
ized  member,  Tetonius  homunculus  {figs.  118,  119,  121,  123),  the 
"Anaptomorphus"  homunculus  of  Cope.    In  this  animal,  as  lately 
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Fio.  US.  Woskaldus  insignis.    Lowek  Jaw  (Left  Ramus).    X  3.    AfterMatthew 
Upper  Bridger  beds  (Middle  Eocene),  Bridger  basb,  Wyoming.    Suborder Tarsioidea, 
family  TusiidK. 


Fio.  116.  Waskakius  instgnis.    Upper  Preuolars  and  Molars.    ArcER  Worthan 
14S. — Second  Rnd  third  right  upper  molars  and  fragment  of  maxilla.    X  4. 
146.— Left  upper  jaw  nith  p*-m'.    X3I2.    Upper  Bridger  beds  (Middle  Eocene), 

Bridger  Im^,  Wyoming.    Suborder  Tarsioidea,  family  Tarsiidie. 


■  HT  .\[A\iti.*.    X  4.    AfTER  Granger 

:  Lnsi  Cabin,  Wyoming.    SulKirdcrTamoidea, 


'ikS.    Si.1'11.  AND  Lower  Jaw.    X3.    ArTER  Matthkw 


iSt»^.>^<vt  .^  iIlvU  vvh^IW-    ^inty  Bull  bnli  (Lower  Eocene),  Bighorn  basir, 
\\  \iNni>*     '  •"*«  **  '***  **  **•  •*'**  •"»"«"  ""1  local'ly-    Suborder  TsrrioMei, 
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redescribed  by  Matthew  (1915),  one  pair  of  the  lower  front  teeth, 
possibly  the  opposite  canines,  is  greatly  enlarged  and  procumbent, 
and  produced  in  rodent-like  or  diprotodont  fashion,  the  dental  formula 
being  I^  Ci  P|  Ml  (Matthew).  The  enlargement  of  the  lower  front 
teeth  has  conditioned  the  loss  of  the  lower  incisors,  the  development 
of  a  diastema  behind  the  large  procumbent  tooth,  the  deepening  of 
the  front  part  of  the  mandible,  the  crowding  of  the  premolar  series 
and  the  consequent  enlargement  and  strengthening  of  the  insertion 


Fio.  119.  Tclonius  homuncnlus.    Uppek  Teeth  and  Loweb  Jaw,  Pabt  of  Sicmt 
Rahvs.    X  3.    Aeter  Matthew 
Gny  Bull  bedi  (Lower  Eocene),  Bighorn  basin,  Wyoming.    Suborder  Tftnioidea. 
fiii%  TiniidK. 

areas  of  the  jaw  muscles,  both  of  the  skull  and  mandible.  The 
fourth  lower  and  the  fourth  upper  premolars  have  large  piercing 
^cea,  and  the  first  and  second  lower  molars  are  much  widened 
across  the  talonids.  The  upper  molars  are  very  wide  transversely 
and  narrow  anteroposteriorly,  with  rounded  para-  and  metacones. 
The  third  molars  are  small.  These  modifications  are  perhaps  adapted 
either  for  piercing  and  breaking  the  hard  bodies  of  insects  or  for  ex- 
tracting and  crushing  seeds  from  fruits. 


'■•I.LZ.--I  z.   :a£.>:9T 


I    - 
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The  orbits  (fig.  123)  are  much  enlarged,  the  braincase  expanded 
and  the  muzzle  narrow,  so  that  the  general  appearance  of  the  skull 
approaches  that  of  Tarsius.  Even  the  construction  of  the  auditory 
region  points  in  the  same  direction,  since  the  bulls  were  expanded 
and  pressed  forward  against  the  lower  part  of  the  braincase. 

A  more  detailed  examination  of  the  type  skull  of  Tetonius  komun- 
cttlus  supports  the  generally  accepted  view  that  this  animal  w£is  a 
tarsioid,  although  already  too  specialized  in  the  dentition  to  be 
directly  ancestral  to  the  modem  Tarsius. 


Fig.  124.    Anaplomorpkus    atmuius.    Lower    Jaw    (Right    Rauvs).    X  3.    Apte> 
Matthew 
Lower  Bridger  beds  (Middle  Ecicene),  Bridgerbasin,  Wyoming.    Suborder Tarsioidea, 
family  TarsiidK. 


Anapiomorphus.  This  genus  {fig.  124)  has  the  dental  formula 
It  Ct  Pt  M  j,  the  same  as  for  the  Old  World  series  of  Primates,  but  it  is 
a  true  tarsioid  in  the  form  of  its  lower  molars  and  premolars,  and  widely 
different  from  Parapilhecus ,  the  oldest  and  most  tarsioid  primate  of 
the  Old  World.  Its  lower  front  teeth  are  not  enlarged  nor  strongly 
procumbent;  the  jaw  is  stout  and  deep  anteriorly  The  fourth  lower 
premolar  is  not  as  large  as  in  the  more  specialized  genera  Uinlanius 
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(Jig.  125)  and  Ahsarokius.  These  specializations  of  the  fourth  pre- 
molars surely  remove  these  genera  from  ancestral  relationships  with 
any  of  the  higher  primates. 


Fic.  125.  UinUtnivs  lurriculomm.     Lou-er  Jaw  (Right  Ramvs)  and  Left  Uppek 
Cheek  Teeth.    X  3.    After  Mattbew 

Lower  jav.  Lower  Bridget  beds  (Middle  Eocene),  Bridgcr  basin,  Wyoming.  U]^r 
tectli,  Upper  Bridger  beds  (Middle  Eocene),  Bridger  basin,  Wyoming.  Suborder  Tar- 
uoidea,  family  Tarsiids. 


EUROPEAN  EOCENE  TARSIOIDS 


In  the  European  Eocene  the  tarsioid  group  is  represented  by  seven 
genera,  mostly  known  from  teeth  and  jaws,  except  Pronyclicebus 
and  Necrolemur,  which  are  known  from  well  preserved  skulls.  All 
have  recently  been  carefully  described  and  figured  by  Stehlin  (1916). 
The  group  first  appears  in  the  Lower  and  Middle  Lutetian  beds,  in 
the  second  half  of  the  Lower  Eocene;  and  after  passing  through  the 
Upper  Lutetian,  Bartonian  and  Lower  Ludian  beds,  disappears  during 
the  Upper  Ludian  of  Upper  Eocene  age.  Its  range  in  Europe  is  thus 
nearly  contemporaneous  with  the  range  of  the  related  genera  in 
America,  although  not  extending  so  far  down  into  the  Lower  Eocene  as 
do  the  latter.  No  known  genera  of  tarsioids  are  common  to  Europe 
and  America;  and  thus  there  is  evidence  that,  although  derived  from 
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a  coDUDOD  stodi.  perlups  of  Lower  Eocxm  age.  the  taiaoids  of  the 
two  coDtiDents  ftrflowed  iodependent  fines  of  evt>fattkn  withoot  famal 
inteTcfaange  (StehBn}.  Both  the  AmericaB  and  Emnpcait  gnxqK  aic 
"polyi^i7letic,"  and  althon^  we  know  only  fragments  of  diffomt 
fiiyiA,  they  ^<jpd  strmg  evidence  (rf  the  evofaitian  of  the  uppa 
molars  from  the  triangular  to  the  qoadrangolar  stage,  in  the  i 
mammaKan  manner  described  in  eaifier  parts  of  this  wixk. 

Pteudolcris.  Perhaps  the  most  primiti\'e  of  the  European  g 
Pt€udalcris  (6gs.  126,  127).  from  the  BarUMdan  (Middle  Eocene)  of 
France,  which  has  tritubercular  upper  molars  with  wdl  de\^d(^ied 
proto-  and  metacooules,  small  ciiiguItmi-faypoci»es  and  \ay  anall 
protostyles.  or  projections  of  the  anterointemal  dngula.  The  geiiera] 
form  of  the  U[^)er  molars  suggests  those  of  the  recent  Iwises  and  gala- 
gos,  as  Doted  by  StehHn  0916.  p.  1396),  but.  as  he  also  suggests,  the 
resemblances  are  not  sufficiently  close  to  pro\'e  a  near  lelaticHiship, 
and  it  is  far  more  probable  that  Pseudoloris  is  a  true  tarsioid.  only 
remotely  related  to  the  Loiisidx.  which  a[f>ear  to  be  Tarstiu-like 
derivatives  of  some  primitive  Eocene  lemuroids.  Psmdoloris  is 
probably  related,  by  descent  from  a  common  ancestor,  to  the  American 
tarsioids.  As  it  had  a  pair  of  enlarged  lower  front  teeth,  which  are  re- 
garded by  Stehlin  as  canines,  it  resembles  rather  Tetonius  in  this  char- 
acter; on  the  other  hand,  its  molars  recall  those  of  Omomys,  ezcxpt  for 
the  large  size  of  the  metaconules  of  the  upper  molars  and  the  loss  of 
the  paraconids  of  the  second  and  third  lower  molars. 

Anchomomys.  This  genus  is  known  from  two  spedes:  one  in  the 
Lutetian  or  summit  of  the  Lower  Eocene  of  France  and  Switzeriand, 
the  other  in  the  Bartonian  or  Middle  Eocene  of  France.  It  differs 
from  Pseudoloris  especially  in  the  reduction  or  absence  of  the  meta- 
conules. Id  Anchomomys  quercyi  {fig.  130)  the  first  and  second  upper 
molars  are  less  wide  transversely  and  relatively  wider  antenqx>steri- 
orly  than  in  Pseudoloris;  the  posterointernal  comers  of  the  crovm  are 
developing,  so  that  the  contour  is  becoming  more  quadrate.  The 
orbit  in  this  genus  was  certainly  large,  as  shown  by  the  form  of  its 
floor  and  border,  above  the  maxilla.  The  mandible  of  Anchomomys 
cfr.  Gaillardi,  figured  by  Stehlin  {op.  cit.  p.  1412),  shows  that  the 
dental  formula  was  probably  ItCt  Pa  Ms,  as  in  the  American  Anap- 
lomorphus.  The  two  incisors  were  small  and  gently  prodivous,  the 
canine  large  and  erect. 


E^  0 


FlO.  126.  Fsmdolorh parvulus.    LeftmaxUla, 
Tithp*-in'.     X8.     Phosphorites  near  Caylu^i. 


Fic.  128.  Anchomomys  gaUlardi. 
Fragment  of  left  maxilla,  with  m'-m*. 
From  Lissieu  near  Lyon.     X  6. 


Fig.  127.  Pieudotoris  paniiius.    Lett   mandible,   with  pi-mi-    Phosphorites  i 


Fio.  129,    Anchomomys  gaillardi.    Fragment  ot  left  mandible,  with  mri"i     From 
Lisdeu,  near  Lyon.    X  6. 


Suborder  Ttrsioidea,  family  Tarsiidx. 


•g-rrr.Mr  T     awtcm^ 
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Periconodon.  In  tliis  more  specialized  relative  of  Anchomomys 
from  the  Lower  or  Middle  Lutetian  of  Switzerland,  the  metaconules 
of  the  upper  molars  {fig.  131)  have  been  suppressed  and  the  dngulum- 
hypocones  and  protostyles  have  become  quite  prominent.  Stehlin 
{pp.  cit.,  p.  1432)  notes  the  striking  resemblances  of  these  teeth  to 
the  molars  of  the  recent  South  American  monkeys  Chrysolhrix  and 


Fio.  133.  Pronyclictbus  gaudryi.    Skull,  X  I.    After  Grandidier 
Pbo^ihorites  (Middle  Eocene),  of  Menuelein  (Lot),  France.    Suborder  Taraioidea, 
funOy  Ttniide  (i*). 

Cebus,  but  concludes  that  the  hiatus  in  geological  time  between  the 
recent  and  the  Eocene  primates  is  far  too  great  to  permit  us  to  regard 
the  resemblance  in  question  as  indicating  close  relationship. 

Pronyclicebus.  This  animal  was  regarded  by  its  discoverer,  Gran- 
didier (1905),  as  a  forerunner  of  the  modem  loris,  but  Stehlin  has 
shown  (1916,  p.  1422)  that  its  dentition  {figs.  132,  133)  rather  indi-  . 
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cates  relationship  with  Anchamomys.  The  upper  canine  was  relatively 
large  with  a  rounded  rather  than  compressed  base.  All  four  premo- 
lars are  retained  in  both  the  upper  and  lower  jaws.  The  first  upper 
premolar  is  very  small  and  peglike;  the  second,  larger  and  slightly 
more  advanced  but  widely  different  from  the  third  premolar,  which  is 
approaching  the  condition  of  p*.  The  latter  is  bicuspid  and  quite 
different  in  form  from  m'.  The  first  and  second  upper  molars  are  of 
primitive  tritubercular  type  with  V-shaped  cusps,  well  developed  ex- 
ternal cingula,  complete  proto-  and  metaconules,  and  hypocones  con- 
nected with  the  cingulum.  The  third  molar  is  tritubercular  with  a 
well  developed  internal  cingulum  not  rising  into  a  distinct  hypocone. 
The  lower  cheek  teeth  are  correspondingly  primitive  and  approach 
the  common  plan  of  the  primitive  Lemuroidea.  The  skull  is  also 
more  primitive,  more  like  that  of  the  primitive  Notharctidse,  than  is 
that  of  any  other  known  tarsioid,  the  face  being  less  reduced  than  in 
the  known  tarsioids,  while  the  braincase,  orbits  and  auditory  bullae  are 
less  expanded. 

Nannopilhcx.  The  curious  type  called  Nannopilhex  polycarus  by 
Stehlin  (op.  cit.  p.  1392)  is  represented  by  a  fragment  of  the  right 
maxilla  containing  three  upper  molars  {fig.  134).  The  tritubercular 
first  and  second  upper  molars  recall  those  of  the  American  Hemiacodon 
in  the  unusually  large  size  of  the  circular  metaconules  and  in  the  strong 
development  of  the  cingulum-hypocone.  On  the  other  hand,  they 
foreshadow  the  upper  molars  of  Necrolemur  cfr.  Zittdi  (fig.  135)  in 
the  peculiar  relations  of  the  protoconule  fossa  to  the  anterior  slope 
of  the  paracone  and  in  the  appearance  of  the  large,  conspicuous,  coni- 
cal metaconule.  The  most  striking  difference  is  that  the  cingulum- 
hypocone  is  distinct  from  the  posterior  slope  of  the  protocone,  whereas 
in  Necrolemur  it  is  connected  with  it.  However,  in  the  third  molar 
(m')  the  cingulum  lacks  a  distinct  hypocone  and  is  connected  with  the 
posterior  slope  of  the  protocone,  as  in  N.  zitleli.  Nannopithex  also 
lacks  the  small  accessory  cusp  between  the  metaconule  and  the  pro- 
tocone which  is  incipient  in  some  specimens  of  N.  atttiquus  {fig.  136). 
Nevertheless  the  anterior  slope  of  the  metaconule  of  Nannopithex  is 
conspicuous  and  could  readily  give  rise  to  the  conditions  in  iVccTO/cflwr. 

Stehlin  has  noted  these  and  other  resemblances,  but  refers  to  them 
only  as  analogies  (p.  1393)  and  doubts  the  relationship  (p.  1395),  as 
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he  ascribes  great  importance  to  the  differences  in  the  postero-intemal 
cusp;  but  he  suggests  a  possible  relationship  between  Nannopilhex 
and  the  American  Waskakius. 

But,  even  if  Nannopilhex  be  not  directly  ancestral  to  Necrolemur, 
it  illustrates  a  stage  of  molar  evolution  tending  to  connect  the  highly 


Fro.  134.  Nmnopitkex  pollicoris.    m'"^  ricbt.    X  8 
From  the  lower  Eocene  of  Egerkingen,  Switzerland.    Suborder  Tarsioidea,  family  (?) 
Microchcerid«. 


Fic.  135.  StCToUmnr  cfr.  ZiHrfj.    Left  Maxilla,  with  p'-m'.    X  4 
From  the  Lower  Eocene  of  Egerkingen,  Switzerland.     Suborder   Tarsioidea,  family 
MicTocbtxridz. 

I  Necboleuur  cfk. 


Specialized  conditions  of  the  upper  molars  of  Necrolemur  with  the  more 
primitive  tarsioid  stage  preserved  in  Hemiacodon  and  Washaktus. 

Necrolemur  and  Microchterus.    Necrolemur  antiguus  {Jig.  136)  is 
characterized  by  the  elaborate  pattern  of  the  upper  molar  crowns  in 


206  WILLIAM    K.   GREGORY 

which  there  was  a  strong  tendency  toward  the  development  of  extra 
conules  and  the  division  of  the  upper  molar  crown  into  anterior  and 
posterior  moieties. 

According  to  Stehlin  (op.  cit.,  p.  1329)  the  dental  fonnula  was 
liCi  PJ  M|.  There  was  a  pair  of  enlarged  proclivous  lower  front 
teetiii  jig. 137),  which  Stehlin  regards  as  canines.  This  specialization, 
with  others,  removes  Necrolemur  from  the  line  of  ascent  either  to  Tar- 
sius  or  to  any  of  the  higher  primates. 


Fio,  136.  Necrolemur  aniiquiis.    Right  Maxilla,  with    Lateral  I\cisor,   Canine 
ASD  Cheek  'Tbeth.    X  5,    Apteb  Stehun 


The  skull  of  Necrolemur  (figs.  J37, 138,  139, 141),  as  known  from 
beautifully  preserved  specimens,  is  of  a  highly  modified  tarsioid  type, 
with  convergent  upper  dental  arches  and  excessive  enlargement  of  the 
auditory  bulls,  which  press  forward  into  the  braincase  in  front  of 
them  and  are  provided  with  bony  external  auditory  tubes,  as  in  Tar- 
sius.    The  obits  are  much  enlarged,  the  interorbital  portion  of  the 


I . '    ■  Ve 


Fio.  138.  Neeralemur  aniiquus.    Skull  in  the  Pkinceton  UMi'ZKSTiy  Pai^aokto- 
LOGiCAL  Collection.    X  2 
Courte^  ol  Dr.  W.  J.  Sinclair. 


208 


WILLIAM   K.  GREGORY 


braincase  is  reduced  to  a  thin  septum;  the  construction  of  the  lacry- 
mal  region  is  also  of  tarsioid  type.  On  the  other  hand,  the  great  in- 
flation of  the  mastoid  region  heightens  the  general  resemblance  to  the 
skull  of  Galago(fig.l40). 

The  tendency  toward  a  multiplication  of  small  cusps  on  the  sur- 
face of  the  upper  molar  crowns  culminates  in  the  Microcharus  ornalus 


Fic,  130 
Figs.  139, 140.  Coupaxative  Si 

SpKcimens  in  the  Peabody  Museum  of  Comparative  ZoOlogy,  Harvard  University. 
Courtesy  of  Dr.  Samuel  Henshaw,  Illustrating  the  close  convergence  in  skull  form 
between  these  two  genera,  which  belong  respectively  in  the  subordeis  Taniioidea  and 
Lemuroidea. 


of  Stehlin,  in  which  the  mohir  crown  of  m*  {fig.  142)  is  surmounted  by 
no  less  than  eleven  cusps  and  cuspules.  Both  the  proto-  and  the  meta- 
conule  appear  to  be  double.  There  is  a  large  mesostyle  and  an  ac- 
cessory stylar  cusp  on  the  cingulum-hypocone.    The  contours  of  the 
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Fic.  Ml.  ^ecrolaiuir  anliqir.n.     Palatal  View  op  Sh'i.l.     X  3 
Specimen  in  the  Museum  of  Com] ara live  Zoolo)^',  riarv.inl  L'nivi-isity.     Courtesy 
of  Dr.  Samuel  Henshaw.    Subonlri  Tar^ioidca,  fumily  .Miuroiha'ritla.'. 
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upper  molars  are  subquadrate  and  the  interdental  spaces  are  prac- 
tically obliterated.  This  pseudo-multitubercidate  specialization  evi- 
dently preceded  the  extinction  of  the  family. 

The  differences  separating  Necrolemur  and  Microcharus  from  any 
of  the  New  World  or  Old  World  monkeys  are  numerous  and  important, 
and  there  is  no  evidence  for  deriving  any  of  the  higher  types  directly 


p^  r; 


Fig.  142.    Mkrocharus  oi 
Upper  Eocene  of  France. 


Suborder  Tamoidea,  family  Microchceridx. 

from  this  source.  Nevertheless  these  genera  exhibit  certain  impor- 
tant advances  in  the  direction  of  the  Old  World  primates,  among  which 
may  be  noted  the  development  of  quadrate  upper  molars  with  sub- 
equal  anterior  and  posterior  moieties,  the  development  of  hypocon- 
ulids  in  the  lower  molars  (Jig.  143) ,  the  final  loss  of  the  paraconids  in  the 
lower  molars  and  the  tendency  for  the  reduction  of  the  trigonid  basins, 
the  tendency  for  p*  and  p*,  and  the  corresponding  lower  teeth,  to 


Fic.  144.  UUrochirTus 


>  Xeerotemnr.    Enlarged.    After  Fosster-Cooper 


Palate.    British  Museum.    Upper  Eocene,  Hardwell, 

us,  inner  side  (Cambridge). 

lis,  outer  side  (British  Museum).    The  small  socket  for 

ut  as  a  small  black  dot  at  the  upper  point  of  the  large 


1. — MiCTOCklZTU! 

Isle  of  Wight. 

2.— Ditto.    Right  lower  rai 

3.— Ditto.  Right  lower  car 
the  tecond  tooth  can  be  made 
■ocket. 

4. — Ditto.    Right  lower  ramus,  inner  side  (Cambridge). 

5. — Ditto.    Upper  molar«  (British  Museum). 

6.— Ditto.    Hind  part  of  left  ramus  (Cambridge). 

7. — Ntcrohmur  edwardtii.    Hind  part  oi  left  ramus  (British  Museum). 

8.— Ditto,    Front  part  of  left  ramus  (British  Museum). 

The  smalt  black  lines  show  the  actual  sizes  of  the  specimens. 
211 
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beonne  bicuspid,  the  indpient  de\'el<qHtieDt  of  a  btmy  postorbital  par- 
tition, the  lateral  expansion  of  the  base  of  the  braincase.  the  de\-¥l<^ 
ment  of  a  tubular  external  auditor>-  meatus,  and  the  tendency-  for  the 
angle  of  the  mandible  to  be  expanded  and  for  its  posterior  border  to 
become  very  large  and  rounded.  Thus  Xaratemur  and  Microckarus 
have  advanced  far  from  the  primitive  taisoid  type  and  indicate  some 
of  the  structural  stages  through  which  the  actual  ancestors  of  the  Old 
World  series  probably  passed. 

THE  MODERN  TABSICS 

The  systematic  position  and  relationships  of  the  Spectral  Tarsier, 
of  Borneo  and  other  Malayan  islands,  including  the  Philippines,  have 

constituted  a  long  debated  question  that  has  a  direct  bearing  upon 
the  problem  of  man's  ancestry.  As  noted  in  Part  n  of  this  work, 
Tarsius  was  formerly  classed  among  the  Lemunndea,  but  all  recent 
investigation  has  tended  to  confirm  its  ri^^t  to  be  assigned,  together 
with  its  Eocene  relatives,  to  a  distinct  suborder  Tarsioidea,  coordinate 
with  the  other  two  suborders,  Lemuroidea  and  Anthropoidea.  Neither 
Tarsius  itself  nor  its  known  Eocene  relatives,  described  above,  appear 
to  be  directly  ancestral  either  to  the  platyrrhine  or  to  the  catarrhine 
divisions  of  the  Anthropoidea.  Nevertheless  Tarsius  parallels  the 
higher  primates  in  so  many  characters  of  the  brain,  skull,  reproductive 
organs  and  other  parts,  that  a  very  remote  common  ancestry  of  the 
three  suborders  seems  highly  probable.'  Moreover  the  earliest  known 
and  by  far  the  most  primitive  representatives  of  the  Anthropoidea, 
namely,  the  genus  Parapilhecus  from  the  Lower  Oligocene  of  Egypt, 
carries  that  group  well  back  toward  a  short-jawed  and  probably  large- 
brained  stem,  which  might  be  described  as  tarsioid  in  a  broad  sense; 
while,  as  will  presently  be  shown,  the  various  Platyrrhine  appear 
also  to  have  been  derived  from  another  short-jawed  and  large-brained 
stock,  belonging  perhaps  to  a  quite  different  family  of  the  ancestral 
tarsioid  primates. 

With  regard  to  the  derivation  of  Tarsius,  very  possibly  Ancho- 
momys  was  more  or  less  closely  related  to  its  Eocene  ancestors,  but 

'  In  this  ronnection  see  the  recent  "DUcussion  on  the  zoological  position  and  affin- 
ities of  Tarsius:"  Proceedings  of  tie  Zoological  Society  oj  London,  1920  (Feb.),  p.  465, 
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the  loss  of  the  paraconids  in  the  lower  molars  (Jig.  127)  appears  to 
remove  Anchomomys  from  the  direct  line  of  ascent  (Stehlin,  p.  1426). 
The  modem  genus,  although  retaining  much  of  its  Eocene  heritage, 
has  reduced  metaconules  in  the  upper  molars  {fig.  120),  and  it  has  be- 
come further  specialized  in  the  extreme  enlargement  of  the  orbits  (ffg. 


Fig.  145.  The  Spectral  Tabsier  (Tarsiiis  spectrum).    After  DtcKivoi 
SuboidcT  Taraioidea,  family  Tarsiida:. 


122).  Its  front  teeth  are  moderately  specialized  by  the  reduction  of  the 
lower  incisors  to  one  on  each  side.  This  nocturnal  and  arboricolous  ani- 
mal is  said  to  feed  largely  upon  insects  and  small  reptiles  (Lydekker), 
The  palxontological  evidence  reviewed  in  this  work  is  surely  against 
Wood-Jones's  view  that  the  existing  Tarsius  is  the  nearest  li\ing  rela- 
tive of  man.     Tarsius  may  well  parallel  the  human  condition  in  the 


214  WtLLlAU   K.   GREGORY 

construction  of  the  placenta,  and  in  a  few  other  points  noted  by  Wood- 
Jones  {to  all  of  which  I  have  given  careful  consideration),  but  its  rela- 
tionships to  man  are  plainly  very  indirect  and  must  be  traced  back- 
ward along  gradually  converging  lines  to  the  primitive  tarsioid  stocks 
which  gave  rise  at  different  times  and  at  different  places  to  the  higher 
groups  of  primates. 


Fig.  146.  Tarxius  speclrum.    Skull.     XZ 
Suborder  Tarsioidea,  family  Tarsiid^. 

IV.    THE  SOUTH  AMERICAN  MONKEYS  (PLATYRRHINAE) 

TERTIARY  FOSSIL  PLATYRHHIN-E 

Of  the  few  South  American  Tertiary  genera  which  have  been  attrib- 
uted to  this  group,  only  one  of  them,  the  Homunculus  patagonicus 
(fig.  147)  of  Ameghino,  from  the  Santa  Cruz  Miocene  of  Patagonia,  is 
known  from  a  well  preserved  jaw  and  the  fore  part  of  the  skull.  Al- 
though this  genus  was  already  a  true  platyrrhine  monkey,  it  does  carry 
us  back  a  short  way  toward  the  stem  of  the  group.  According  to 
BluntschH  (1913),  who  has  carefully  studied  the  original  specimens, 
the  closest  resemblances  of  Homunculus  are  with  the  smaller  Cebi- 
die,  especially  "Nyclipilhecus"  (Aolus)  and  "Callilhrix"  (Callicebus); 
genera  which,  for  reasons  set  forth  below,  appear  to  have  retained 
many  primitive  or  stem  characters. 


EVOLUTION   OF  THE  HUMAN  DENTITION  215 

Another  Santa  Cruzian  form,  Anthropops  perfeclus  (fig.  148)  of 
Ameghino,  based  on  the  front  end  of  a  lower  jaw,  has  a  deep  chin  that 
is  even  better  developed  than  that  of  Cebus.  Its  dental  formula  was 
IiCiPiM^;  the  first  two  premolars  (ps,  pa)  were  small.  Bluntschli 
states  that  very  probably  "Anthropops"  is  identical  with  Homuncu- 
lus.    Still  another  Santa  Cruz  type,  referred  to  the  primates  by 


Fig.  147.  Homuttculus  palagomcus     Skull  and  Jaw      X  1     After  F    Aueciiino 
Santa  Cruz  (Lower  Miocene)    Patagonia     Suborder  Anthropoidea   section  Platvr 
rhinc,  family  Cebidie. 

Ameghino  and  by  Abel,  is  Eudiaslatus  Ungulatus  Ameghino  {fig.  148), 
based  on  the  front  end  of  a  small  jaw;  this  bears  on  the  inner  and  ven- 
tral side  of  the  symphysis  a  very  large  median  tubercle  in  place  of  the 
usual  paired  pits  for  the  tendons  of  the  geniohyoid  muscles.  A  faint 
suggestion  of  this  condition  may  be  seen  in  some  jaws  of  Cehus  and 
Aloualla.  The  dentition  is  very  poorly  preserved.  According  to 
Bluntschli  {op.  cil.  p.  38)  Eitdiaslalus  is  not  a  primate  at  all  but  may  be 
a  bat. 
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Neither  the  "chin"  of  Antkropops  nor  the  "genial  tubercle"  of 
Eudiastalus  afFord  the  least  evidence  of  special  relationship  with  Man. 

It  is  therefore  apparent  that  the  direct  palsontological  record  of 
the  evolution  of  the  Platyrrhinx  does  not  extend  below  the  Miocene, 
and  we  are  therefore  limited  to  indirect  evidence  as  to  the  earlier 
course  of  evolution  and  derivation  of  the  group. 


Santa  Cruz  (Lower  Miocene),  Patagonia. 

Bluntschli  (1913,  p.  38),  who  has  cxamiDed  these  remains,  states  that  the  lower  jaw 
of 'MnfAr(i^^i"probably  belongs  to  ffofntinctfJtu,  while  "EudHUfoiw"  is  not  a  primate 
at  all,  but  probably  a  bat. 

WERE  THE   PLATYRRHINiE  DERIVED  FROM  NOTHARCTUS? 

In  1904  Wortman's  investigations  led  him  to  conclude  that  while 
the  American  Eocene  tarsioids  were  related  to  the  modem  Tarsius, 
they  were  also  related  to  the  ancestors  of  the  higher  primates,  so  that 
he  transferred  all  the  known  tarsioids  tmder  the  group  name  Paleo- 
pithecini  to  the  suborder  Anthropoidea.  He  also  suggested  that 
Omomys  and  Washakius  (described  above),  "as  far  at  least  as  we  are 
permitted  to  judge  from  their  scant  remains,  are  closely  related  to 
Adapts  and  Notharctus,  but  had  made  greater  progress  in  the  reduction 
of  the  premolars.  This  gives  an  especially  monkey-like  appearance, 
pointing  particularly  in  the  direction  of  certain  Uving  Cebidie."  He 
also  concluded  that  "it  is  in  just  such  a  group  as  that  which  includes 
Adapts,  Notharctus  and  Limnotherium,  that  we  must  seek  for  the 
beginnings  of  the  higher  monkeys  and  apes  which  follow;  and  while 
these  species  may  not  have  been  in  the  direct  line  of  descent,  they 


EVOLUTION  OF  THE  HUMAN  DENTITION  217 

cannot  at  the  same  time  have  been  far  removed  from  it  (1904,  pp. 
172,  173)." 

This  concept  unquestionably  overemphasizes  the  nearness  of  the 
taisioids  to  the  Adapidse.  At  least  as  far  back  as  the  Lower  Eocene 
the  tarsioids  and  the  Adapidfe  were  wholly  distinct  families.  As  I 
have  elsewhere  shown  (1920),  the  Adapidx  were  still  in  a  primitive 
lemuroid  stage  of  evolution  in  the  great  majority  of  their  cranial, 
dental  and  skeletal  characters,  while  the  tarsioids  (as  Wortman  him- 
self recognized)  were  precociously  specialized  in  many  respects.  Nev- 
ertheless it  is  possible  that  Wortman  may  have  been  right  in  his  gen- 
eral conclusion,  and  that  the  platyrrhine  series  have  been  derived  from 
the  Notbarctidx.  This  subject  has  a  bearing  upon  the  origin  of  man 
and  the  evolution  of  the  human  dentition,  and  it  therefore  calls  for 
fairly  detailed  consideration  at  this  point. 

If  the  South  American  monkeys  have  been  derived  from  large  and 
progressive  Notharctidse,  such  as  Notharclus  crassus  (see  Part  11), 
then  very  probably  the  most  primitive  denUUon  of  the  series  is  that 
of  the  Howler  monkeys,  MyceUs  {  =  Alouattd).  Unfortunately,  how- 
ever, we  have  but  little  means  for  Judging  whether  the  resemblance 
in  the  cheek  teeth  (fig.  149),  which  is  by  no  means  close,  is  a  direct 
heritage  from  the  later  Notharctidse,  or  whether  it  is  due  largely  to 
homoplastic  evolution.  Alouatta  {fig.  151)  difTers  from  Notharclus 
(fig.  150)  in  the  marked  shortening  of  the  bony  face,  and  it  is  in 
every  important  character  a  true  platyrrhine  monkey.  The  resem- 
blances to  Noiharctus  crassus  are  accompanied  by  an  obviously  high 
degree  of  spedaiization  of  the  basihyal  bone,  which  is  of  enormous 
size  and  greatly  inSated.  The  lower  jaw  is  also  deepened  and  ex- 
panded in  such  a  way  as  to  provide  sufficient  room  in  the  throat 
for  this  great  resonating  pouch.  This  expansion  of  the  jaw  has  not 
only  provided  opportunity  for  great  increase  in  the  jaw  muscles,  but 
is  also  accompanied  by  a  very  pronounced  upward  tilting  of  the 
braincase. 

Possibly  the  curious  characters  of  the  lower  jaw  and  skull  may 
have  been  partly  developed  before  the  great  expansion  of  the  reso- 
nating pouch  in  the  throat,  because  they  are  partly  foreshadowed  in 
the  genera  CalUcebus,  Aotus  {NycUpUhecus),  Brackyleles  {pi.  8-9). 
These  forms  are  also  the  ones  in  which  the  molar  patterns  appear  to 


K[c.  14'».  C'mp.vRisos  or  Teeth  or  Americas  Eoce.se  Psmatz  Sothanlui  akd 
Recent  Platvkkhine  Mos'kEv  Alouatu 

I. — Soihardui  (ranuz.  Righi  Upper  check  Ifelh  (p'.p'Doi  prestn-cd).  X  2.  Amei. 
Mus.  m.  11.6$9.  Upper  Bridger  beds  (.Middle  Eocene).  Wyoming.  Suborder  Lemur- 
oidea.  family  Notharctidr. 

2.~.)j0HjJfj  sp.  Howler  Monkey.  Right  upper  jaw.  X  2.  Recent.  South  America. 
Suborder  .^athrupoidea,  famih'  Cebidx. 

3.—Solhirttu!  erissus.  Right  lower  jaw.  X  2.  .Amer.  .Mus.  no.  1I,6S9.  Upper 
Bridger  beds  (Middle  Eocene),  Wyoming.     X  2. 

4  —AU-uatta  sp.     Amer.  Mus.  no.  14,660.     X  2. 
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Fio.  ISO.  Notkarctia  osborni.     X  1.    Amer,  Mus.  no.  11,466.    Lower  Bridger  beds 
(Middle  Eocene),  Bridger  basin,  Wyoming. 


Fig.  151.    Alouatlabcehebut.     X  3/4 
Fios.  ISO,  151.  CouPABisuKs  OF  Skulls  of  Eocene  l.r.wRoml^olharelus  as*d  Modebn 

PLATrRRUlNE  MOSKEY,  Aloiialla 
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be  fairly  primitive,  and  Callkebus  seems  to  be  on  the  whole  the  most 
primitive  and  also  the  most  "tarsioid"  (in  a  broad  sense)  of  the  entire 
platyrrhine  series.  In  this  genus  the  molars  (pi.  11)  are  of  compara- 
tively primitive  tritubercular  type  with  disUnct  remnants  of  the  V- 
shaped  fonn  of  the  para-  and  metacones,  and  sharp  crests  on  the  an- 
terior slopes  of  the  protocones.  The  hypocones  are  connected  with 
the  posterior  slopes  of  the  protocones  and  are  therefore  apparently 
pseudohypocones  like  those  of  the  Notharcrid^.  This  is  especially 
evident  in  the  specimen  of  this  genus  figured  by  Winge  (1895).  In 
Actus  (Nyctipithecus)  on  the  other  hand,  the  hypocones  are  quite 
prominent  and  appear  to  be  connected  with  the  cingulum  (pi.  11). 
In  Alouatta  (pi.  11)  they  are  connected  both  with  the  cingulum  and 
with  the  crest  of  the  protocone;  in  many  or  perhaps  all  of  the  rwnain- 
ing  Cebids  (pi.  11)  and  Hapalidae  (pi.  13),  the  hypocones  are  widely 
connected  with  the  cingula  and  well  separated  from  the  protocfHies  by 
a  deep  cleft.  Thus  the  more  primitive  genera  approach  the  conditions 
io  the  Notharctidx,  while  the  more  specialized  have  lost  them.  But 
instead  of  postulating  a  direct  derivation  of  the  modem  Alouatta 
from  the  Eocene  Notharctus  crassus,  it  seems  safer  to  regard  the 
Notharctus-like  characters  of  the  Alouatta  molars  as  partly  homo- 
plastic and  secondary,  partly  because  they  are  associated  with  so 
many  obviously  peculiar  specializations  in  the  rest  of  the  skull  and 
skeleton,  partly  because  they  are  adapted  to  the  leaf-eating  habits 
of  the  animal^an  exceptional  diet  for  a  member  of  the  Platyrrhinie, 
which  feed  typically  on  fruits  and  insects. 

For  the  present,  therefore,  the  available  evidence  indicates  that 
the  stem  Platyrrhins  had  many  characters  of  the  Notharctidae,  to- 
gether with  others  like  those  of  certain  Eocene  taraoids.  The  audi- 
tory region  of  the  skull  [plates  11,  13),  which  usually  furnishes 
important  evidence  as  to  the  relationships  of  groups,  points  in  the 
same  direction,  that  is,  the  conditions  in  the  Platyrrhinae  are  far  more 
advanced  than  those  in  the  Notharctidae,  but  might  be  derived  even- 
tually from  them.' 

Unfortunately  in  the  absence  of  annectant  forms  from  interme- 
diate horizons,  we  cannot  assert  that  the  Notharctidie  are  the  direct 

'  A  more  detailed  discussion  of  this  subject  is  given  in  my  memoir  on  Notharctus 
(1920,  p.  220). 
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ancestors  as  well  as  the  remote  structural  ancestors  of  the  Platyirhiiue, 
The  American  Eocene  genus  Aphanoletnur  (fig.  152)  of  Granger  and 
Gregory  (1915)  has  a  more  expanded  braincase  and  a  shorter  face 
than  the  typical  Notharctidfe,  and  possibly  it  is  sufficiently  hke  the 
tarsioids  to  be  a  direct  ancestor  of  the  Platyrrhinae. 


Ftc.  152.  ApkanoltmuT  gibbosus.    Imperfect  Skvll.    X  1.    After  Granger  and 
Gbeoorv 
Ymle  University  Museuni.    Lower  Bridger  beds  (Middle  Eocene).    Suborder  Lemur- 
oide«,  family  uncerlaiii. 

Of  considerable  importance  are  the  characters  of  the  incisors  and 
canines,  which  in  the  South  American  series  (plates  8,  9,  11.  12,  13) 
avoid  all  the  pecuUar  specializations  observed  in  the  lemuroids  and 
in  most  known  tarsioids,  and  are  closely  comparable  with  the  condi- 
tions in  the  Nothaictidie  described  in  Part  II  of  this  review.    The 
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diverse  spedalizatioas  of  the  front  teeth  in  these  other  families  are 
such  as  to  remove  most  of  the  known  genera  definitely  from  direct 
ancestry  to  the  Platyrrhina,  and  therefore  they  serve  to  enhance  the 
value  of  the  relatively  close  agreement  in  this  r^on  between  the 
platyrrhines  and  the  Xotharctidie. 

ADAPn\'Z  RADIATION  OF  THE  CEBWJE 

The  existing  South  American  monkeys  exhibit  a  considerable  adap- 
tive radiation  (plates  9-13)  in  the  dentition  and  skull,  but  in  \iew  of 
the  poverty  of  pala^ontological  evidence  it  was  for  a  long  time  difhcult 
to  decide  which  are  the  more  primitive  species.  After  repeated  com- 
parisons of  the  skulls  and  dentitions  of  the  recent  platyrrhine  genera, 
during  several  years  past,  I  have  now  adopted  the  provisional  conclu- 
sion that  in  the  construction  of  the  skull  and  in  the  characters  of  the 
dentition  the  genera  Cailicebus  Mid  Aolus{"Nyctipitliecus")  are  on  the 
whole  the  most  primitive  and  "tarsioid"  living  cebids,  while  Cebus 
and  Chrysothrix  (Saimiri)  are  the  most  advanced  and  pithecoid. 

From  or  near  Callicebus  (pi.  S)  as  a  starting  point  we  may  trace 
"an  adaptive  radiation"  in  skulls  and  dentitions,  one  morphological 
series  leading  through  Brachytdes,  Aides  and  Somuncuius  to  Lago- 
thrix,  Cebus  and  Saimiri.  In  this  line  the  back  part  of  the  jaw  be- 
comes shallower,  the  upper  and  lower  canines  increase  in  size,  and  a 
bony  chin  and  wide  intercanine  diameters  are  finally  developed. 
Meanwhile  the  tooth  rows  (plates  II,  13)  become  strai^t  or  slightly 
divergent  and  the  molars  vary  from  the  subtriangular  to  the  sub- 
bilophodont  condition.  The  anterior  premolars,  at  first  small,  fi- 
nally become  quite  large  (Cebus) ;  the  face  (plaUs8,9)  becomes  shallower 
and  more  protruded  below  the  orbits;  and  the  zygomatic  arches,  orig- 
inally stout  and  inclined  downward,  become  slender  and  horizontal; 
the  cranium  (plate  10)  finally  bulges  greatly  behind  the  foramen 
magnum,  and  is  very  dolichocephalic;  the  outer  borders  of  the  orbits 
meanwhile  grow  forward  so  that  the  eyes  finaUy  look  more  directly 
forward  instead  of  partly  outward,  and  they  have  also  become  sep- 
arated from  the  temporal  fossfe  by  bony  partitions. 

More  in  detail,  the  steps  by  which  the  platyrrhine  skull  became 
modernized  from  a  tarsioid  to  a  pithecoid  stage  may  be  visualized  as 
follows:  First,  in  correlation  with  the  rapid  expansion  of  the  brain 
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there  has  been  a  steady  and  moderate  increase  in  the  breadth  of  the 
braincase  across  the  parietal,  a  rapid  increase  in  the  frontal  region 
just  behind  the  orbit,  accompanied  by  a  rapid  increase  in  antero- 
posterior diameter,  so  that  in  the  higher  Platyrrhinae  (Cebus,  Chryso- 
tkrix)  the  general  form  of  the  cranium  as  seen  from  above  finally 
becomes  like  a  stout,  wide-necked  vase  (pi.  10).  Secondly,  the  outer 
rim  of  the  orbits  has  grown  forward,  while  the  inner  borders  have 
been  brought  nearer  to  the  midline,  greatly  restricting  the  interor- 
bital,  nasal  and  lacrymal  regions,  the  end  result  being  that  the  axis 
of  the  eyes  point  forward  rather  than  sideways.  This  has  been  asso- 
ciated with  a  shortening  and  a  retraction  of  the  face  beneath  the  or- 
bit, and  with  a  progressive  separation  of  the  orbits  from  the  temporal 
fosss  by  bony  partitions  developed  chiefly  on  the  frontals  and  malars, 
and  partly  on  the  sphenoid.  Possibly  the  first  development  of  this 
partition  may  have  been  in  response  to  an  enlargement  of  the  orbits 
connected  with  nocturnal  habits.  Indeed  the  available  evidence 
suggests  that  in  many  phyla  of  Platyrrhins,  such  as  the  marmosets 
and  the  squirrel  monkeys,  the  relatively  small  size  of  the  orbits  is 
secondary. 

The  skull  of  A  olus  (Nyclipil/kcus)  is  near  to  the  primitive  CuUkebus- 
like  type,  differing  in  the  large  size  of  the  orbits  {plates  8,  10).  The 
orbito-temporal  fissure  {pi.  11)  is  unusually  large  in  this  form,  which 
may  indicate  that  the  incomplete  condition  of  the  postorbital  septum 
is  a  primitive  inheritance  from  remote  tarsioid  ancestors.  The  short, 
wide  cranium  (/>/.  10)  seems  much  more  primitive  than  the  excessively 
elongate  cranium  of  the  squirrel  monkeys. 

The  early  shortening  of  the  face  and  the  transverse  expansion  of 
the  braincase,  which  increased  the  intercondylar  diameter  of  the  jaw, 
tt^ether  with  the  relatively  small  size  of  the  incisors  and  canines,  were 
at  first  concomitant  with  a  marked  convergence  of  the  opposite  dental 
arches,  which  were  more  or  less  pointed  in  front,  both  in  the  upper  and 
lower  jaws.  These  primitive  conditions  are  largely  retained  in  the 
existing  Callicebus,  but  in  the  more  specialized  genera  the  upper 
canines  become  enlarged  and  the  inter-canine  diameter  much  in- 
creased, so  that  the  canines  protrude  at  the  side  and  the  rows  of 
opposite  cheek  teeth  become  parallel  or  even  slightly  divergent  anteri- 
orly.   Meanwhile  the  lower  jaw,  at  first  deep  posteriorly  and  shallow 
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anteriorly,  becomes  wider  and  flatter  across  the  symphyses;  a  bony 
chin  is  finally  developed  and  the  center  of  power  moves  forward  from 
the  back  part  of  the  jaw,  the  angular  region  becoming  smaller  and  the 
vertical  depth  of  the  body  of  the  jaw  decreasing. 

The  shortening  of  the  bony  face  perhaps  conditioned  the  crowding 
out  of  the  first  premolar,  both  in  the  upper  and  lower  jaws,  but  the 
remaining  three  premolars  stoutly  asserted  themselves  against  further 
encroachment,  and  indeed  in  several  cases,  e.g.,  Cebus,  Lagothrix,  and 
Saimiri  {pi.  II),  became  larger  than  the  molars. 

In  the  Notharctidte,  which  in  general  are  far  older  and  more  primi- 
tive than  the  Platyrrhins,  there  was  a  progressive  development  of 
the  premolars  as  we  pass  from  p'  to  p*;  but  in  the  typical  Platyrrhinie 
all  three  premolars  tend  to  become  bicuspid  with  oval  crowns  and  low 
rounded  cusps.  It  is  chiefly  la  Br  achy  teles,  AloutUta  and  CaUkebus 
that  vestiges  of  more  primitive  conditions  may  be  observed.  Per- 
haps the  most  extreme  advancement  in  the  premolars  is  seen  in 
Cebus,  in  which  the  anterior  upper  premolars  have  shared  in  the  en- 
largement of  the  canines  and  are  wide,  completely  bicuspid  teeth  (pi. 
II).  This  bicuspid  form  of  the  upper  premolars  has  probably  con- 
tributed to  the  erroneous  idea  of  some  authors  that  the  Hominidae 
have  been  derived  from  some  platyrrhine  with  an  expanded  brain- 
case.  In  Alouatta  the  fourth  lower  premolar  (/fg,  149)  especially  shows 
vestiges  of  the  conditions  seen  in  Notharcius  crassus  in  the  form  and 
arrangement  of  the  cusps  both  of  the  trigonid  and  of  the  talonid. 

In  general  the  Cebida;  feed  upon  a  mixed  diet  of  fruit  and  insects; 
except  Alouatta,  which  is  said  to  limit  its  diet  to  leaves.  Probably  if 
we  had  fuller  information  we  should  find  a  closer  correlation  between 
the  particular  kinds  of  insects  fed  upon  bythe  different  genera  and  the 
detailed  characters  of  the  dentition. 

Besides  the  main  morphological  series  of  skulls  and  dentitions  de- 
scribed above,  there  are  several  aberrant  side  branches.  First  that 
of  Alouatta,  which  may  be  derived  from  that  of  Callicebus  by  a  great 
increase  in  size,  inflation  of  the  larynx,  consequent  upturning  of  the 
cranium  posteriorly  and  marked  anteroposterior  expansion  of  the 
first  and  second  upper  molars  (Jtg.  149),  involving  the  development  of 
mesostyles  and  V-shaped  para-  and  metacones.  A  parallel  adapta- 
tion to  leaf-eating  habits  occurs  in  the  Indrisidae. 
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If,  as  seems  improbable,  the  V-shaped  cusps  and  well  developed 
mesostyles  of  the  Alouatta  molars  were  primitive,  that  is,  by  direct 
derivation  from  the  conditions  in  Notharcius  crassus,  then  the  lack 
of  a  mesostyle  and  the  low  condition  of  the  hypocone  in  the  upper 
molars  of  the  other  genera  would  be  secondary.  However,  the  antero- 
posterior expansion  of  the  molars  in  Alouatta  may  rather  be  depend- 
ent upon  the  greatly  increased  size  of  the  animal,  while  the  expan- 
sion of  the  whole  jaw  region  may  have  afforded  opportunity  for 
the  exceptional  development  of  the  hypocones  and  of  the  mesostyles, 
and  thus  have  brought  about  a  secondary  resemblance  to  the  molar 
pattern  of  Notharctus  crassus  {fig.  149).  It  has  already  been  noted 
that,  as  Alouatta  is  only  a  single  and  probably  specialized  type  of  this 
family,  it  is  safer  to  assume  that  the  more  tritubercular  molars  of 
CaUicebus  {pi.  11)  are  relatively  primitive  and  that  the  line  of  molar 
evolution  passes  through  stages  represented  in  CaUicebus  and  Brachy- 
Ides  toward  that  of  Alouatta.  The  other  Cebidie  depart  further  and 
further  from  the  primitive  molar  patterns  of  CaUicebus.  In  some  of 
them  (e.g.,  Cdms)  the  first  and  second  upper  molars  tend  to  become 
divided  into  anterior  and  posterior  moieties  through  the  slight  antero- 
posterior widening  of  the  upper  molars  and  the  marked  separation  of 
the  hypocones.  Thus  an  incipiently  bilophodont  condition  may  be 
produced,  which  may  be  a  progressive  adaptation  to  insectivorous 
and  frugivorous  habits.  In  Cacajaa  and  Pilkecia  the  molar  cusps 
tend  to  lose  their  sharp  relief  and  distinctness  {pi.  11).  The  upper 
molar  crowns  become  concave  transversely  and  a  somewhat  squirrel- 
tike  molar  pattern  is  produced.  This  is  associated  with  a  marked 
grinding  action  of  the  mandible,  and  with  the  development  of  semi- 
procumbent  upper  and  lower  indsors.  Thus  these  genera  have 
departed  very  widely  from  the  primitive  conditions,  and  there  is  no 
doubt  that  the  observed  conditions  are  secondary  and  not  primitive 
platyrrhine  characters. 

The  third  upper  molars  of  the  Platyrrhinie  are  relatively  small, 
sometimes  dwindling  greatly,  as  in  Saimiri,  Cehus  and  Actus,  and  fore- 
shadowing the  loss  of  these  teeth  in  the  Hapalidae  {pi.  13).  But  this 
reduction  of  the  third  molar  was  already  foreshadowed  in  the  Notharc- 
tids  and  is  in  fact  a  primitive  primate  character. 
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Rather  primitive  lower  molars  are  preserved  in  Alouatla  (Jig.  MO), 
while  fundamentally  similar  lower  molar  patterns  were  present  in 
the  Miocene  genus  Homunculus  (fig.  147).  In  Alouatla  the  tiigonids 
are  distinctly  primitive,  lacking  only  the  paraconids  of  the  Notharc- 
tus  molars.  The  hypoconids  are  larger  than  in  the  Notharctidie  and 
the  entoconids  have  become  well  defined.  The  talonid  basin  is  mod- 
erately expanded  to  receive  the  tip  of  the  large  protocones  of  the  upf>er 
molars,  but  there  is  no  excessive  transverse  widening  of  the  talonid 
in  any  of  the  Platyrrhina;  such  as  occurs  in  many  tarsioids.  In  the 
more  advanced  platyrrhines  (e.g.,  Cebus)  the  paraconids  are  lost,  and 
the  posterior  wall  of  the  trigonid  connecting  the  protoconid  and  the 
metaconid  is  near  the  anterior  border  of  the  tooth,  while  the  talonid 
fossa  is  expanded.  This  parallels  the  conditions  observed  in  the  Old 
World  monkeys  and  is  associated  with  the  obliteration  of  the  inter- 
dental spaces  through  the  filling  out  of  the  hypocones.  The  hypo- 
conids are  often  connected  with  the  entoconids  by  a  low  narrow  crest 
homologous  with  the  posterior  limb  of  the  talonid-V  of  Notharctus. 
The  third  lower  molars  of  Alouatla  (fig.  149)  and  of  all  the  other 
Cebidas  have  lost  the  hypoconulids,  but  are  readily  derivable  from 
the  primitive  notharctid  type. 

STEM   CHARACTERS   AND   ORIGIN   OF   THE   PLATVRRHIN.S 

We  are  now  in  a  position  where  we  can  reconstruct  provisionally 
the  stem  characters  of  the  platyrrhine  skull  and  dentition.  I  con- 
ceive the  stem  Platyrrhinse  as  small  primates  in  a  somewhat  tarsioid 
stage  of  skull  evolution,  having  the  following  characters:  dental 
formula,  I|  C|  Pt  Ms ;  face  short ;  braincase  expanded;  orbits  relatively 
small,  well-rimmed,  directed  partly  forward;  lacrymal  mostly  within 
orbits;  nose  wide,  flat;  auditory  bullie  expanded;  tympanic  bones 
large,  ring-like;  front  teeth  not  rodent-like,  but  "nonnal;"  dental 
arches  pointed;  lower  jaw  short,  deep;  canines  small,  no  bony  chin; 
zygomatic  arches  stout,  pitching  sharply  downward  in  front;  all  three 
upper  premolars  bicuspid;  upper  molars  tritubercular,  with  small 
hypocones  and  reduced  proto-  and  metaconules;  lower  molars  with 
trigonid  but  little  elevated  above  talonid,  the  latter  large  but  not 
excessively  widened,  paraconids  reduced  or  absent,  hypoconulids 
present. 
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These  characters,  which  are  largely  retained  in  some  of  the  more 
primitive  existing  Cebidie,  as  a  whole  exclude  the  Platyrrhjnae  from 
ancestry  to  the  Old  World  series;  so  that  the  two  series  appear  to  be 
parallel  and  independent  branches  from  a  more  primitive  and  more 
tarsioid  ancestral  stock. 

When  and  where  these  hypothetical  ancestral  tarsioids  lived  are 
questions  outside  the  scope  of  the  present  inquiry.  Those  who  believe 
in  a  lost  mid-Atlantic  land-bridge,  or  archipelago,  would  doubtless 
put  them  there,  in  Upper  Cretaceous  times,  along  with  many  other 
lost  mammalian  types  that  are  supposed  to  have  spread  eastward  and 
westward  into  the  palaeontologically  known  Eocene  regions  of  Europe 
and  America.  The  existence  of  the  hypothetical  mid-Atlantic  land, 
at  least  during  the  Tertiary,  is  denied,  however,  on  strong  palfeon- 
tolf^cal  evidence  by  Dr.  W.  D.  Matthew  (1904),  who  holds  that  the 
Paleocene  and  Eocene  faunas  of  Europe  and  North  America  were 
derived  from  older  centers  of  dispersal  (probably  Upper  Cretaceous) 
in  the  northern  circumpolar  land  mass. 

One  may  therefore  assume  as  a  working  hypothesis  that  in  this 
Upper  Cretaceous  northern  hemisphere  (the  climate  of  which  is  known 
to  have  been  temperate)  there  was  a  widely  distributed  and  consid- 
erably differentiated  pro-tarsioid  group,  derived  eventually  from  more 
primitive  lemuroids  of  the  Paleocene  or  of  the  Upper  Cretaceous,  and 
that  different  families  of  the  pro-tarsioid  group  spread  southward  to 
give  rise  first  to  the  known  tarsioids  of  Eocene  Europe  and  North 
America;  and  somewhat  later  and  at  different  times,  to  both  the  New 
World  and  the  Old  World  series. 

THE  MARMOSETS   (hAPALIDAi) 

The  taxonomic  position  and  relationships  of  the  Hapalids,  or  mar- 
mosets, have  in  several  ways  an  important  bearing  on  the  problem  of 
the  origin  of  man,  first,  because  certain  observers  are  inclined  to  regard 
these  little  animals  as  very  primitive  primates,  tending  to  connect 
this  order  with  unguiculate  mammals;  and  secondly,  because  Bolk 
(1916)  has  found  in  the  dentition  of  the  Hapalidse  a  supposed  solution 
of  the  origin  of  certain  phenomena  of  the  human  dentition. 

It  may  be  stated  at  the  outset  that  in  the  writer's  opinion  both 
these  conclusions  are  very  far  from  the  truth;  that  the  Hapalidfe  are 
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Kswazsi  i^mDars^Es  oc  "^  ^jSs  -^  :Se  K^ssuite  pious  LI.  £jF^ 
Vila  dBoee  oc  '^j*  C^cnis  iarre  3iiit3!'*'  JfiC  j5  ^ae  ■Tini-''ininiit  diat  the- 
iccaec  hsen  aeo  -ief^wi  shu  lie  cinrrcip  of  Xtou  ~  Yyaipidm- 
fwj~  itati  C  t^^^9s.  ot  ifflc  Cc^^E.  mirrt  t5b^  -ywwm  tiev  (fiffis 

J3fi  Ot  'It**  -ir^^y  gT^*7  JiW^iT  rfrfni  TTTi^i:*r^  Hn*  rOCIICOtt  SEC  (S.  ffr^  Hfhit'* 
tJBf-  TSTTKC  xateTTipcgceur  ^"iTHff^riiTiT  01  rJT^  ■■— iwmTtT  ami  die  oi- 
iixrasscax  «  the  •'^'•^-*  Tbe  =:ouir  azi^  pi.  tJ  boib.  npp^  and 
hura.  xrt  suxk  or  j*s3  retnicressve  is.  sk  lad  ^nbohly  also  m.  the 
MC=i  of  :be  isows.  Scutisx  virb  J/CKf.  oc  the  dehaSE.  and  pa^m^ 
CO  TenuFm  Sewiacei*!  and  ibf  'Xhec  ^nsa.  oc  c&e  Kapsfi:^.  we 
Eisj  <<ifaKTTc  t&e  tracts  of  thji  rettueieHve  ^me^.  Iil  AaMs  t&c 
SIS  ^pp^  c^Iar.  'vlodi  in  mo?!  nLnnnuIs  ^  cixEs^rvTuive.  m.  drul. 
leCzEis  tiLC  sibgoarfrate  coctocr  witnih  e:  •r&uactecBtD:  of  dtE  tooth 
in  rjC^Dcr  Cebsdzc:  bat  the  sctzocd  oppcr  mou&r  c>  mfmcni  in  ^e  and 
sobcrianzdar  in  form,  thrwi^  the  poncil  stppceseun. of  tie  poeOcro- 
inTiMTTar  cDmer.  The  third  upper  inotir  e  vray  renogresave.  only 
tbe  an£edof  moiety  can^nin^.  the  posterior  maixy  bem^  biuebr.  ff  at 
aH.  repRscnud.  The  H^polidx  hairv  iiaxrwd  thcf  pcocess  ib(ii:& 
nntfaer.  stippresan^  rhi^  rhfrrf  rcoiars  entirefv  ind  often.  FH&umc  the 
iecood  colars  to  a  fonc  quite  like  thm  01  the  third  Eadais  of  Smms. 
Even  the  nrst  molars  ot  the  Hipalidf  opptinstiy  kiv?  shiired  m  diB 
zHieril  nzpxnsdv^  e-intutioc.  for  in  J/aiu  the  iswtjiioiies  of  the 
ni=t  rcofax:  ire  reduced  ta  ~tze.  ind  the  hvpocooes  ue  vesqgEiL  a 
cooiiEiciti.  which,  in  view  of  the  mienlly  hiyfc  ^rade  of  or^nizatioD 
of  the  skull  of  thL:  animal  and  of  the  advan^reii  ^icfeiiipnKiu  of  cbe 
molax:  in.  many  E<Kece  ptimatc:  we  may  cot  sifeiy  rntaid  as  pmn- 
th'%.  The  roundness  of  the  moLir  cuspe  and  of  the  whok  cronras  is 
also  a  retTDgressive  character  in  certain  other  phyEa  of  pciinaCB^ 
iodndinz  the  human  ph\-tum. 

The  Hapali>i£.  having  certain  peculiar  specializatioas.  a^  paralU 
diferent  members  of  the  Cebid*  in  dinerent  characters.  la  the  «i- 
tFonc  lengthening  of  the  craniurn.  as  seen  from  above.  Uidoi  iji.  IS) 
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of  the  Hapalids  parallels  and  even  surpasses  Aleles,  Cacajao  and 
Pilhecia,  and  approaches  5ai»»>i  {Ckrysothrix)  of  the  Cebidas.  In  the 
sharp  protrusion  of  the  interorbital  and  nasal  region  they  go  beyond 
Aotus  and  Catlicebus,  as  also  in  the  retraction  of  the  face  beneath  the 
cranium  (J>1.  12).  As  in  these  genera,  the  malar  walls  of  the  orbits 
are  broadly  convex  and  have  much  the  same  relations  with  the  zygo- 
matic arches.  It  is  quite  possible  that  the  Hapalida;  may  have  been 
derived  from  nocturnal  or  seminoctumal  ancestors  with  enlarged  or- 
bits, much  like  those  of  Aotus,  and  that  their  stili  protruding  orbits 
have  become  secondarily  reduced  in  size.  The  ramus  of  the  lower  jaw 
{pi.  12)  is  much  more  slender  and  the  angular  process  more  distinct, 
than  in  Aotus  and  secondarily  suggests  the  conditions  in  Ckrysothrix, 
which  genus  the  Hapalida;  also  approach  in  the  enlargement  of  the 
canines  and  of  the  premolar  series. 

As  noted  above  the  Hapalida  have  but  two  upper  molars,  the  third 
having  been  lost  and  even  the  second  greatly  reduced.  The  small 
size  of  the  third  molar  is  suggested  in  various  genera  of  the  Cebidje, 
especially  Saimiri;  but  as  the  other  resemblances  with  the  latter  are 
not  very  close,  the  reduction  of  the  third  molar  may  be  regarded  as  a 
parallel  adaptation  to  the  extreme  lengthening  of  the  braincase  and 
the  forward  crowding  of  the  whole  dental  arch.  It  is  as  if  the  center 
of  maximum  growth  had  shifted  forward  from  the  molar  to  the  ante- 
molar  region.  The  three  upper  premolars  {pi.  13)  are  wide  and  bi- 
cuspid, and  the  tritubercular  upper  molars  have  low  roundi-d  cusps, 
J  the  dentition  as  a  whole  being  adapted,  as  in  so  many  other  small 
primates,  to  a  mixed  diet  of  fruit  and  insects. 

In  brief,  the  skull  and  dentition  of  the  Hapalida;  appear  to  indicate 
that  its  nearest  relatives  are  Callicebus  and  A  otiis  of  the  Cebidie  and 
that  it  has  paralleled  the  other  Cebid^  in  various  ways. 

The  question  of  the  derivation  and  relationships  of  the  Hapalidse 
has  such  a  direct  bearing  upon  the  problem  of  the  evolution  of  the 
human  dentition  that  it  seems  necessary  to  consider  briefly  some  perti- 
nent morphological  evidence  other  than  that  which  is  to  be  found  in 
the  characters  of  the  skull  and  of  the  dentition.  Gidiey,  following 
Wortman.  is  inclined  to  regard  the  Hapalida  as  a  "rather  primitive 
and  generalized  group,"  partly  because  their  poUex  is  said  to  lack  the 
usual  opposability  typical  of  the  primate  thumb,  and  he  concludes 
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(1919,  p.  276)  that  these  "small,  lighter-bodied  animals  seem  never 
to  have  acquired  the  function  of  grasping  a  limb,  but  depend  rather  on 
their  sharp,  widely-spread  claws  for  support  in  progressing  among 
the  treetops."  If  this  conclusion  were  correct  the  Hapalidse  would  be 
a  structural  link  between  the  primates  ajid  more  primitive  clawed 
mammals.  But  a  comparison  of  their  hands  and  feet  leads  me  to  the 
opposite  conclusion  that  their  "claws"  are  merely  bent  up  nails,  such 
as  are  already  foreshadowed  in  less  extreme  condition  in  the  smaller 
Cebidae  (including  Callicebus  and  Aotus),  and  that  the  lack  of  opposa- 
biHty  is  a  degenerate  and  secondary  character. 

The  first  consideration  is  that  true  unguiculates  that  climb  have 
short  proximal  phalanges  and  powerful  flexors  of  the  digits,  by  means 
of  which  they  are  able  to  dig  their  claws  into  the  bark  of  trees;  while 
the  Hapalidx  have  the  longer  and  more  slender  metatarsals  and 
phalanges,  and  the  feeble  flexors,  of  the  primates,  which  depend 
rather  on  grasping  the  branches  with  the  friction  pads  on  their  digits. 

Secondly,  the  hallux  of  the  Hapaiidae  is  characteristically  primate 
in  form,  bearing  the  flattened  nail  which  is  found  even  in  Eocene 
primates. 

Thirdly,  the  fibula  of  the  Hapalidas  shows  a  tendency  to  be  immov- 
ably jointed  or  partly  coalesced  with  the  tibia  at  the  lower  end,  a  con- 
dition which  no  morphologist  could  safely  regard  as  primitive. 

Fourthly,  the  backbone  and  pelvis  of  the  Hapalidx  are  in  many 
respects  more  or  less  intermediate  in  form  between  those  of  the  prim- 
itive Eocene  Notharctidse,  on  the  one  hand,  and  of  the  larger  Cebidtt 
on  the  other,  a  fact  indicating  the  essentially  primate  character  of 
their  whole  locomotor  apparatus,  and  strengthening  the  conclusion 
that  the  clawed  condition  of  their  digits  is  entirely  secondary, 

This  digression  seems  necessary  in  order  to  establish  the  true  posi- 
tion of  the  Hapalid£  as  aberrant  members  of  the  New  World  series. 
Their  very  small  size  is  possibly  secondary  and  they  have  suffered  a 
serious  impairment  of  the  typical  primate  method  of  locomotion. 
But  they  are  extremely  progressive  in  the  great  enlargement  of  the 
braincase  and  in  the  shortening  of  the  dental  arch  posteriorly,  in  the 
consequent  loss  of  the  third  molars,  and  in  the  reduction  of  the  sec- 
ond; also  in  the  progressive  development  of  the  upper  canines,  which 
are  large  and  widely  separated  and  well  able  to  pierce  the  bodies  of 
still  smaller  or  more  helpless  animals,  such  as  young  birds  and  insects. 
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Bolk  apparently  leaves  out  of  consideration  the  wide  differences  in 
skull  and  skeleton  between  the  Hapalidfe  and  any  of  the  Old  World 
series,  including  man.    The  Hapalidae,  like  the  Cebidie,  have: 

(1)  The  bony  auditory  meatus  {pi.  13)  in  the  form  of  a  large  ring, 
which  is  short  in  its  transverse  diameter,  widely  open  at  the  outer 
end  and  greatly  expanded  anteriorly  on  the  inner  end,  so  as  to  overlap 
the  inflated  bulla.  Behind  the  ring,  between  it  and  the  underlying 
bulla,  is  a  conspicuous  foramen  for  the  internal  carotid  artery.  In  all 
the  Old  World  series,  on  the  contrary,  the  tympanic  bone  forms  a 
narrow  tube,  projecting  transversely  and  more  or  less  overlapped 
between  the  postglenoid  and  the  post-tympanic  processes.  Its  inner 
end  is  not  greatly  extended  anteriorly  where  it  overlaps  the  bulla. 

(2)  The  skull  as  seen  from  above  in  the  Hapalidte  {pi.  13)  and  the 
rest  of  the  New  World  series  {plate  10)  is  very  long  and  narrow, 
with  a  marked  posterior  prolongation.  In  the  Old  World  series,  on 
the  contrary,  the  cranium  is  primitively  short  and  wide,  not  bulging 
backward  in  the  occipital  region  except  in  the  Hominidae,  where  a 
similar  condition  is  likewise  correlated  with  the  secondary  overlapping 
of  the  cerebellum  by  the  cerebrum. 

(3)  The  eyes  in  the  Hapalidx  {pi.  13)  and  most  other  New  World 
monkeys  {plate  10)  are  directed  outward  and  forward,  whereas 
in  the  Old  World  series  they  are  directed  forward,  and  the  crests 
above  the  orbits  tend  to  be  arranged  at  right  angles  to  the  long  axis 
of  the  skull. 

(4)  In  the  New  World  series  the  top  of  the  braincase  typically  lies 
considerably  above  the  dorsal  rim  of  the  orbits  {plates  8,  12),  while  in 
the  Old  World  series  this  dorsal  rim  is  usually  nearer  the  kvel  of 
the  top  of  the  cranium  except  in  obviously  specialized  end  members, 
such  as  the  orang,  and  still  more,  man,  where  there  has  been  a  rapid 
increase  in  the  vertical  diameter  of  the  braincase. 

(5)  In  the  Hapalids,  as  in  the  less  specialized  Cebida;  {e.g.,  Cal- 
licebus),  the  maxilla  {pi.  12)  beneath  the  orbit  is  shallow,  while  in  all 
the  Old  World  series,  including  man,  it  is  much  produced  forward 
and  downward  below  the  level  of  the  orbits. 

(6)  The  nasal  region  of  the  Hapalida;  is  of  the  platyrrhine  tj-pe, 
with  the  nasals  widely  separated  at  the  base  and  tending  to  face  out- 
ward ("aarines  61oign6es,"  De  Blainville);  whereas  in  the  Old  World, 
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or  cataixhine,  series  the  opposite  nostrils  tend  to  be  drawn  together 
toward  the  midline  so  as  to  form  a  narrow  V  ("narines  rapproch^es"). 
Further,  the  anatomy  of  the  Hapalidae  as  described,  for  example, 
by  Weber  (1904,  p.  784),  leaves  no  doubt  that  they  belong  in  the  plat- 
yrrhine  series,  and  affords  no  evidence  either  for  any  annectant  posi- 
tion between  primates  and  unguicuiates,  or  for  the  view  that  they 
represent  a  structural  starting-point  of  the  Old  World  series. 

DO  THE  CEBID,E  AND  HAPAIID^  AFFORD  STRUCTURAL  STAGES  IN  THE 
EVOLUTION   OF   THE  HUMAN  DENTITION? 

The  important  evidence  derived  from  taxonomic  considerations 
wholly  fails  to  support  Bolk's  view  that  the  loss  of  the  third  molar 
in  the  Hapalidx  is  peculiarly  significant  in  the  problem  of  the  origin 
of  the  human  dentition.  Bolk  (1916,  p.  139)  supposes  that  man, 
and  presumably  the  whole  Old  World  series,  passed  through  a  stage 
still  represented  in  the  Hapalidas,  in  which  the  last  molar,  both  in  the 
upper  and  lower  jaws,  was  normally  suppressed  and  in  which  the 
last  deciduous  molar  became  retained  as  the  first  permanent  molar  of 
the  human  dentition.  The  occasional  appearance  of  a  fourth  molar 
would  therefore  be  explained  as  a  reversion  to  a  pre-hapalid  stage  and 
as  a  reappearance  of  the  suppressed  m'  and  mi. 

That  the  first  permanent  molar  of  typical  placental  mammals  is  seri- 
ally homologous  with  their  last  deciduous  molar  has  long  been  believed 
by  Matthew  and  others,  and  is  supported  by  the  fact  that  in  very 
numerous  phyla  of  mammals  the  first  permanent  molar  erupts  early,  is 
closely  associated  with  the  last  dedduous  molar,  and  resembles  it  so 
closely  that  a  pure  convergence  in  origin  and  pattern  seems  highly 
improbable.  But  we  assuredly  do  not  need  to  cite  the  Hapalids  in 
this  comparison,  which  holds  true  apparently  in  all  phyla  of  placental 
mammals  that  retain  a  normal  replacement  of  the  dentition.*  The 
conditions  presented  in  the  Eocene  and  modern  lemurs,  as  well  as  in 
many  other  phyla  of  mammals,  tend  to  indicate,  in  the  opinion  of  the 
writer,  that  not  only  the  first  permanent  molar  but  also  the  second 
and  third  are  serially  homologous  with  the  deciduous  molars,  and 

'Evidence  for  this  stalcmcnt  is  cited  in  my  " Studies  on  the  evolution  of  the  Pri- 
males."  1916,  pp.  243-246. 
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that  the  replacing  teeth  of  the  molar  series  were  eHminated  as  far 
back  as  the  cynodont  reptilian  stage  ;^  first,  because  an  exatnination  of 
available  material  indicates  that  as  far  back  as  the  cynodont  stage 
there  was  but  a  single  set  of  molars  without  successors;  secondly, 
the  nearness  of  the  first  molar  with  the  last  deciduous  molar  in  time 
of  eruption  is  not  significant  of  any  special  homology  which  would  not 
also  apply  to  the  remaining  molars,  for  the  reason  that  in  both  Eo- 
cene and  modern  lemurs  the  second  and  third  molars  appear  shortly 
after  the  first  molar,  and  the  great  delay  in  the  appearance  of  these 
teeth  in  later  forms  is  perhaps  secondary,  conditioned  often  by  their 
bulk,  which  is  too  great  to  be  accommodated  in  the  infantile  jaws. 

According  to  Bolk's  view  the  third  molars  of  the  catarrhlne  series 
are  not  homologous  as  a  whole  with  those  of  the  Platyrrhinae ;  conse- 
quently the  third  lower  molar  in  all  the  Tertiary  Old  World  primates 
as  far  back  as  the  primitive  Propliopithecus  and  Parapilhecus  are  not 
homologous  with  the  third  molars  of  existing  Cebida;.  On  paUeon- 
tological  grounds  this  must  be  considered  a  wholly  unproved  assump- 
tion, since  there  is  nothing  to  indicate  that  the  third  lower  molar  of 
the  ancient  Parapilhecus  and  Propliopithecus — Old  World  genera  of 
extreme  primitiveness — is  not  homologous  with  that  of  other  primates, 
which  it  resembles  in  essentials. 

How,  then,  are  we  to  regard  the  fourth  molar  of  man  and  other 
primates,  and  what  is  its  origin?  Is  it,  as  Bolk  supposes,  a  reversion 
to  a  pre-Hapalid  stage,  before  the  loss  of  the  true  third  molar?  A 
fourth  molar,  especially  in  the  lower  jaw,  is  not  infrequently  recorded 
in  the  orang  and  even  in  the  gorilla  and  other  anthropoids.'  It  is 
also  recorded  in  Olocyon,  among  the  Canidfc,  and  in  the  lemurs,  and  I 
have  before  me  a  lower  jaw  of  the  platyrrhine  genus  Ateles  (Amer. 
Mus.  no.  17,218),  with  a  small  but  well  developed  fourth  molar  on 
each  side,  directly  behind  the  third  molar. 

It  is  by  no  means  necessary  to  regard  these  fourth  molars  as  rever- 
sions to  a  pre-placental  or  marsupial  condition.  Granger,  of  the 
American  Museum  of  Natural  History,  has  collected,  examined  and 
catalogued  thousands  of  specimens  of  American  Paleocene  and  Eo- 
cene placental  mammals,  belonging  to  all  the  known  orders  and  fami- 

'  See  Part  I. 

'Even  a  fifth  lower  molar  has  been  obsen'ed  by  Hellmao  (t91S)  in  the  orang. 
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lies,  but  he  has  never,  he  informs  me,  observed  a  single  instance  of  the 
presence  of  a  fourth  molar  in  these  very  early  placental  mammals. 
Matthew  testifies  to  the  same  effect,  and  so  far  as  I  am  aware  the 
extensive  literature  of  the  Eocene  placental  mammals  of  America 
and  Europe  affords  no  record  of  a  fourth  molar. 

The  presence  of  a  fourth  molar  in  modem  mammals  may  be  as- 
cribed to  a  specialized  or  relatively  new  tendency  of  the  dental  lamina 
to  bud  off  more  than  the  normal  number  of  teeth.  This  tendency  is 
very  obvious  in  certain  phyla  of  mammals,  such  as  the  Sirenia  and 
armadillos,  where  the  number  of  molar  teeth  is  considerably  increased, 
and  in  certain  odontocete  Cetacea  where  the  primitive  number  of 
cheek  teeth  is  multiplied. 

V.  SUMMARY  AND  CONCLUSIONS  FOR  PART  III 

In  spite  of  the  fact  that  probably  none  of  the  animals  studied  in 
Part  III  lie  in  or  near  the  direct  line  of  human  ascent,  yet  they  show 
us  successive  improvements  in  the  skull  and  in  the  dentition  which 
mark  a  general  advance  from  the  lemuroid  toward  the  anthropoid 
grade  of  evolution. 

The  lorises  and  galagos  represent  an  early  attempt  to  evoh-e  a 
large-brained  lai^-eyed  primate  out  of  the  primitive  lemuroid  stock, 
but  they  still  retain  the  lemuroid  face  and  their  cheek  teeth  do  not 
advance  much  beyond  the  primitive  lemuroid  types  with  tritubercu- 
lar  upper  molars.  At  the  same  time  they  parallel  the  true  lemurs  in 
the  specialization  of  the  incisors  and  canines  for  combing  their  fur,  and 
thus  they  remove  themselves  from  the  line  of  human  ascent. 

The  tarsioids  as  a  group  equal  or  excel  the  lorises  and  galagos  in 
the  enlargement  of  the  eyes  and  braincase,  and  some  of  them  fore- 
shadow the  Platyrrhinie  in  the  reduction  of  the  dental  formula  to 
I|  C{  P|  M}.  They  finally  attain  a  high  and  almost  pithecoid  grade 
of  organization  in  the  construction  of  the  orbits,  auditory,  and  basi- 
craniai  regions;  their  upper  molar  crowns  tend  to  pass  from  a  wide 
trigonal  to  a  subquadrate  form,  divided  into  subequalanterior  and  pos- 
terior moieties  as  in  the  Old  World  stock;  while  their  lower  molars, 
at  first  with  small  trigonids  and  wide  talonids,  often  lose  the  para- 
conid  and  tend  to  develop  a  hypoconulid  (as  in  Microchcerus),    But, 
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as  a  group,  they  cany  too  far  the  enlargement  of  the  orbits  and  internal 
ears,  and  mostly  acquire  specialized  conditions  of  the  front  teeth 
v^ch  rule  them  out  of  the  line  of  ascent  either  to  the  Platyrrlmue 
or  to  the  Catarrhina*. 

The  platyrriiine  or  New  World  series  seem  to  have  started  from 
small  primates  which  had  a  tarsioid  form  of  skull,  but  with  certain 
marked  differences  in  the  front  teeth  and  in  the  region  of  the  auditory 
bullae,  which  are  more  compatible  with  derivation  from  primitive 
members  of  the  Notharctidie.  These  presumably  primitive  and 
"tarsioid"  ancestors  seem  to  be  most  neariy  represented  in  the  pres- 
ent faima  by  the  genus  CaUicehus,  a  small  cebid  monkey  once  classed 
with  the  marmosets,  but  much  more  primitive  in  many  characters  of 
the  skull  and  dentition.  From  this  primitive  type  we  traced  an 
"adi^tive  radiation"  (iUustrated  in  plates  8-11)  along  several  lines: 

The  first  line,  represented  by  the  large-eyed  and  nocturnal  dourou- 
colis,  or  owl-faced  monkeys  {Aotus,  " NycHpilhecus")  and  possibly 
also  by  the  marmosets  (plates  12,  13)  which  appear  to  be  more  closely 
related  to  the  douroucolis  than  to  other  Cebids ; 

The  second  line,  represented  by  the  relatively  large  and  in  certain 
respects  highly  specialized  "howlers"  [Alouaita); 

A  third  line  leading  through  or  near  the  woolly  spider  monkeys 
(Brachyteles)  and  culminating  in  the  true  spider  monkeys  {Aides) ; 

A  fourth  and  a  fifth  line  represented  by  the  aberrant  uakaris  (fiaca- 
jao)  and  sakis  (Pilkecia),  which  have  procumbent  front  teeth  but 
somewhat  different  types  of  grinding  teeth; 

The  sixth  and  seventh  lines,  including  the  large-brained  sapajous 
(Cebus)  and  the  squirrel  monkeys  {Saimiri  =  "  Chrysotkrix") ,  which 
are  by  far  the  most  advanced  and  pithecoid  of  all  the  Platyrrhime. 
The  latter  two  genera  have  contributed  to  the  wholly  erroneous  view 
of  some  authors  (Ameghino,  Sera,  et  al.)  that  the  remote  origin  of  the 
Old  World  series  (including  man)  must  be  sought  in  the  New  World 
PlatyrrhiniE.  Nevertheless  they  afford  an  instructive  example  of 
the  manner  in  which  a  pithecoid  type  of  skull  and  dentition  may  have 
been  derived  from  a  more  primitive  tarsioid  stage. 

The  marmosets  (Hapalida;),it  was  shown,  are  dwarfed  Platyrrhinas, 
derived  perhaps  from  the  ancestors  of  the  douroucolis  {Aotus),  which 
have  probably  suffered  retrogressive  modifications  of  their  locomotor 
apparatus  and  have  become  pseudo-unguiculates,  climbing  by  means 
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of  their  claw-like,  bent-up  nails,  and  tending  to  lose  the  typical  platyr- 
rhine  grasping  adaptations  of  the  hands  and  feet.  At  the  same  time 
they  have  lost  the  posterior  or  third  upper  and  lower  molars,  a  pe- 
culiar specialization  which,  together  with  many  others,  wholly  unfits 
them  to  be  structurally  ancestral  to  the  Old  World  primates.  And 
yet  Bolk  bases  an  elaborate  theory  of  the  origin  of  the  human  denti- 
tion partly  upon  the  conditions  observed  in  the  Hapalidae! 

The  Platyrrhins  as  a  whole  afford  a  beautiful  illustration  of  a  nat- 
ural group,  the  members  of  which  show  markedly  diverse  specializa- 
tions, which  have,  however,  not  gone  far  enough  to  obliterate  an  un- 
derlying heritage  received  from  the  stem  forms  of  the  whole  group. 
Unless  one  chooses  to  believe  in  the  special  creation  of  each  genus  of 
Cebidfe  and  Hapalids,  the  evidence  is  decisive  that  the  "heritage" 
which  they  all  have  in  common  proves  their  descent  from  a  common 
ancestral  stock.  This  conclusion  is  evidently  valid  in  spite  of  the 
almost  complete  absence  of  palieontological  proof.  Thus,  when  we 
have  satisfied  ourselves  that  we  are  dealing  with  a  natural  group,  we 
thereby  postulate  the  existence  of  a  common  ancestral  species  or 
genus,  bearing  distinctly  primitive  characters  which  have  been  lost 
by  its  diverse  descendants,  and  other  primitive  characters  which 
have  been  preserved  by  them.  Now,  the  determination  of  these  char- 
acters requires  close  and  repeated  examination  of  all  the  existing 
genera  of  the  group.  Thus  we  again  perceive  the  indispensability  of 
thorough  taxonomic  study  in  close  connection  with  all  investigations 
of  the  evolution  of  particular  structures,  such  as  the  dentition. 

Two  of  the  most  easily  recognizable  items  of  the  platyrrhine  heritage 
are  the  presence  of  three  more  or  less  bicuspid  premolars  on  each  side 
both  in  the  upper  and  in  the  lower  jaws,  and  the  peculiar  relations  of 
the  tympanic  ring  to  the  auditory  buUx  (see  above,  p.  231).  These 
characters,  along  with  many  others,  separate  al!  the  Platyrrhinje  from 
the  whole  Old  World  series  and  should  have  been  taken  more  fully 
into  account  by  those  who  have  sought  to  find  the  remote  ancestors  of 
man,  and  the  ancestral  conditions  of  the  human  dentition,  among 
large-brained  Platyrrhinae. 
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PART  IV 

The  Dentition  of  the  Higher  Primates  and 
Their  Relationships  with  Man 


1.   ORIGIN  AND  RISE  OF  THE  "OLD  WORLD"  MONKEYS 

(SERIES    CATARRHIX^,    FAMILY    CERCOPITHE- 

CID^} 

introduction:    phvlogenetic  relationships  of  the  tarsioid, 
platyrrhine  and  catarrhine  series 

In  Part  II  of  this  review  we  have  seen  that,  so  far  as  is  known,  the 
true  primates  of  the  Lower  Eocene  were  already  thoroughly  arbori- 
colous  in  habit,  as  is  shown  by  the  quadrumanous  form  of  their  ex- 
tremities; and  that  consequently  their  dentition  was  adapted  to  the 
food  that  may  be  found  in  trees,  such  as  fruits,  leaves,  insects,  and 
the  eggs  and  young  of  small  birds.  The  existing  tree-shrews,  or 
Tupaiida;,  and  their  Paleocene  relatives  the  Plesiadapidie,  as  we  saw, 
are  very  probably  more  or  less  specialized  side  branches  from  the 
very  base  of  the  primate  stem;  indeed  in  many  respects  they  are 
intermediate  between  the  primates  and  some  still  more  primitive  but 
as  yet  undiscovered  clawed,  insectivorous,  ancestral,  placental  mam- 
mals of  the  Paleocene  and  Upper  Cretaceous  epochs.  Whether  or 
not  the  Menotyphla,  comprising  the  Plesiadapidx,  Tupaiidje  and 
Macroscelididx,  are  to  be  included  within  the  order  Primates,  seems, 
from  present  evidence,  to  be  largely  a  matter  of  de&nition.  The 
oldest  known  Menotyphla,  the  Plesiadapidae,  were  apparently  ex- 
cluded from  direct  ancestry  to  the  typical  primates  by  the  specialized 
characters  of  their  front  teeth,  while,  on  the  other  hand,  their  extremi- 
ties, so  far  as  known,  had  not  yet  attained  such  a  high  grade  of  adap- 
tation to  grasping  the  limbs  of  trees  as  is  exhibited  by  the  oldest  typi- 
cal primates  of  the  families  Notharctidse  and  Tarsiidae. 

The  last  two  families  are  first  definitely  known,  or  generally 
admitted  to  be  present,  in  the  Lower  Eocene  of  North  America  and 
of  Europe,  but  they  may  have  been  partly  differentiated  in  the  Paleo- 
cene both  from  each  other  and  from  the  Menotyphla,  the  Condylar- 
thra  and  other  placental  orders. 

The  Notharctidae,  it  was  shown,  were  a  comparatively  conservative 

and  slowly  evolving  group.    They  had  the  remarkably  primitive 
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dmliil  ionotiki  OS  I'i  CI  Pf  M[.  and  at  mst  tbdrdenmiaodi&Bi^biit 
little  from  that  <^  the  bmsi  priiutive  familii-*;  I'^Godau^.  Bji^bp- 
(kiDttds:;  ctf  tbe  owttn^cfaiy  Conthiaitlira.  or  ''pcato-imgiilBiis.*' 
The  cariiest  specks  oi  XotharcttdaE-.  and  indeed  of  all  otho-  pmnaicE. 
had  tntubercular  upper  nwlars  and  wdl  marked  interdesls]  ^laixs: 
bat.  as  we  pa^s  upward  throu^  aaxndiiig  getdt^kal  le^'ei£.  The  tq^icT 
nuriars  gradually  become  more  quadrangular  tn'  the  outgnnnii  cd  tbf 
postero-intenia]  ''dkto-liiigual  f  cufp.  This  arises  dtba  iiam  iltr 
cingulum  'AdapHx.  Tarsiidx;.  or  by  budding  from  tbe  nuin  Jnlfma] 
cu^.  or  "protocone"  'Xotharctida:,!.  The  Xotharctidx.  as  wtD  as 
tbdr  re4ati\'es.  the  European  Adapidx.  retained  a  rdativriy  pdmi- 
tive  t>-pe  of  skuU  structure,  with  unreduced  muzzle.  ortHts  of  roodo'- 
ate  size,  and  braincue  not  great>'  expanded. 

The  .\dapid3e  were  in  a  distinctly  sub-lemuioid  stage  of  e\-ohitiaD. 
and  some  of  them  transmitted  many  of  their  primiti^-e  dmta]  asd 
cranial  characters  to  tbe  modem  Lemuridx  and  related  families,  all 
of  which,  however,  have  progressed  in  tbe  further  enlaigemoit  of 
the  brain  case  and  in  the  peculiar  specialization  of  the  lower  incistxs 
and  canines. 

The  Xotharctida*  increased  gradually  in  size  until  the  dose  of  the 
Middle  Eocene,  when  the  largest  of  them  was  neariy  as  large  as  a 
modem  howler  monkey  (Ahuaitc).  Tbe  family  may  peihaps  be 
represented  in  the  Vppet  Eocene  by  a  fragment  of  a  lower  jaw.  the 
type  of  Xolkarclus  0)  uinlensis,  the  last  known  member  of  tbe  famih'. 

As  was  suggested  by  Leidy  and  by  Wortman,  it  is  iM>s^le  that  the 
Notharctida*  gave  rise  to  the  "Xew  World"  monkeys,  or  Plat>T- 
rhinx;  but,  after  considering  tbe  a\-ailable  e\'idence,  it  was  suggested 
that  the  Platyrrhinx  may  rather  have  been  derived  from  some  genera 
of  Eocene  or  Paleocene  primates  that  combined  the  more  primitive 
front  teeth  of  the  Notharctidje  with  the  more  advanced  skull  char- 
acters of  the  Tarsiidae. 

The  known  Eocene  Tarsiidae,  as  described  in  Part  HI,  are  pre- 
cociously specialized  fonns,  which  rapidly  develop  many  of  the  higgler 
characters  of  an  expanded  braincase,  large  orbits,  a  shortened  face, 
large  auditor>'  bulls,  etc.  But  most  of  tbem  yielded  too  readily  to 
the  tendency  to  acquire  enlarged  and  specialized  lower  front  teeth 
and  many  also  seem  to  have  overdone,  as  it  were,  the  progressive 
skull  characters  named  above.    Thus  many  of  them  remove  than- 
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selves  from  the  lines  of  ascent  leading  respectively  to  the  New  World 
and  to  the  Old  World  series  of  higher  primates.  Some  of  the  tarsioids 
by  eliminating  the  first  premolar  of  the  original  four,  both  in  the  upper 
and  lower  jaws,  reduced  the  dental  formula  to  I|  CI  Pf  Mf ,  as  in  the 
Platyrrhins,  while  some  others  went  further  and  eliminated  also  the 
second  upper  and  lower  premolars,  thus  reducing  the  formula  to 
rt  Ci  P|  MS  as  in  the  Catarrhina:. 

The  later  Eocene  European  tarsioids  (Necrolemur,  Mkrocharus) 
have  advanced  toward  the  pithecoid  grade  of  organization  in  the 
construction  of  their  orbits,  auditory  region,  and  dental  arch,  and 
they  have  likewise  succeeded  in  differentiating  the  quadrate  first  and 
second  upper  molar  crowns  into  subequal  anterior  and  posterior 
moieties,  without,  however,  obhterating  the  tritubercular  ground 
plan;  while  the  crown  patterns  of  their  lower  molars  are  more  or  less 
transitional  between  the  more  primitive  VV-shaped  tuberculosec- 
torial  and  the  more  advanced  five-cusped  bunodont  type  of  the 
stem  Catarrhinie.  The  crown  patterns  of  the  third  and  fourth  upper 
and  lower  premolars  of  Microchcerus  erinaceus  are  likewise  more  or 
less  intermediate  between  those  of  lower,  more  primitive,  tarsioids 
and  those  of  Oreopithecus,  Parapithecus  and  other  relatively  primitive 
Catarrhinie  to  be  described  below.  It  will  also  be  recalled  that  in 
Necrolemur  and  Microchterus,  the  angular  process  of  the  mandible 
becomes  expanded  into  a  form  which  foreshadows  the  still  more 
expanded  condition  of  this  part  in  the  "Old  World"  group. 

The  phylogenetic  significance  of  these  pro-pithecoid  characters 
attained  by  later  Eocene  tarsioids  of  Europe,  becomes  greater  in  con- 
sideration of  the  fact  that  theu*  modern  relative,  Tarsius,  possesses 
many  clear  marks  of  remote  kinship  with  both  main  divisions  of  the 
higher  primates,  so  that  some  authors  have  even  proposed  to  brigade 
Tarsius  and  its  relatives  with  the  Platyrrhinte  and  the  Catarrhinas  in 
a  ^gle  suborder. 

Although  the  Platyrrhinse  and  the  Catarrhina;  may  have  been 
derived  from  Eocene  primates  that  might  fall  under  a  broad  definition 
of  the  Tarsioidea,  it  is  not  probable  that  they  both  started  from  the 
same  genus  of  tarsioids  or  even  from  closely  allied  genera.  In  view 
of  tie  remarkable  constancy  of  the  cranial,  dental,  and  other  char- 
acters that  separate  the  Platyrrhin*  and  the  Catarrhinie,  and  also 
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of  the  marked  dinerence*  in  the  J2w=  and  dentitioo  betweeo  the 
oldest  member:  of  each  serie*.  it  seems  far  more  probable  that  the 
Xew  World  series  has  been  derived  from  some  relatively  primitive 
American  tarsioid  genus  baring  the  dental  formula,  Ij  Ci  Pi  M|;aiid 


Plai^'rrhin.e.    Afih  Euioi 


that  the  Old  World  group  was  derived  from  a  much  more  advanced 
and  later  Eurasiatic  tarsioid  genus  ha%ing  the  dental  fonnuhi,  HC{ 
Pi  Ms,  and  many  but  not  all  dental  and  cranial  characters  in  c 
with  Xecrolemur  and  Microcharus. 
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PARAPITHECUS,  OF  THE  LOWER  OLIGOCENE  OF  EGYPT,  AND  THE  TRANS- 
ITION  FROM   THE   TARSIOID   TO   THE    CATARRHINE   GRADE    OF 
ORGANIZATION 

That  the  higher  primates  have  been  derived  from  Tarsioids  of  some 
sort,  although  not  necessarily  from  any  known  genera,  has  also  been 
maintained  on  pala'ontological  grounds  by  Schlosscr,  who  in  19U 
described  and  figured  the  mandible  of  Parapilliecus  fraasi,  a  small 
primate  from  the  Lower  Oligocene  of  Kgypt.     The  dental  formula  of 


Fig. 


this  highly  important  genus  was  provisionally  given  by  Schlosser  (op. 
cit.,  p.  58)  as  11  CI  H  M|,  but  he  noted  that  the  identification  of  the 
second  lower  tooth  as  a  canine  was  doubtful.  The  anthropologist 
Schwalbe  (1915,  pp.  234.  235),  after  examining  a  cast  of  this  speci- 
men, rightly  concluded  that  the  second  tooth  was  the  lateral  incisor 
and  that  the  dental  formula  was  If  Cf  Pi  Ms,  as  in  the  other  "Old 
World"  primates.  The  same  interpretation  was  independently 
reached  and  defended  in  detail  in  my  "Studies  on  the  evolution  of  the 
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primates"  (1916,  p.  281).  In  1919  E.  Werth  published  his  \-aiuabte 
paper  entitled  "Parapithecus,  ein  primitiver  Menschenaffe,"  in  which 
he  gives  (p.  329)  a  medial  view  of  the  lower  incisors,  canine,  and  pre- 
molars of  this  animal,  which  should  set  at  rest  all  doubt  as  to  the 
correctness  of  the  dental  formula  as  interpreted  by  Schwalbe,  Werth, 
and  the  present  writer. 

Parapiihecus  is  by  far  the  most  primitive  of  all  known  Old  World 
monkeys  and  apes,  and  with  regard  to  its  known  dtaracters  it  may  well 
be  regarded  as  standing  in  or  quite  near  to  the  line  of  ascent  leading 
to  the  anthropoid  apes  and  eventually  to  man.  Unlike  most  or  all 
of  the  known  tarsioids  it  does  not  appear  to  be  excluded  from  this 
important  position  by  any  pronounced  aberrant  specializations  of 
the  dentition,  except  possibly  the  too  conic  form  of  the  lower  mtdar 
cusps.  Parapiihecus  is  the  smallest  of  all  known  Catanhinie,  its 
interesting  size-relations  being  suggested  in  the  following  compara- 
tive measurements: 


lii 

M 

III 

Hi 

III 

4-° 

1 

1 

Length  of  whole  tooth   row 

16 
8 

28 

11 

25 
12.5 

36.5 

30 
15 

43 
20 

51 

Length  of  three  lower  molars. 
dyte  to  tip  of  lower  front 

24 

The  opposite  rami  of  the  lower  jaw  of  Parapiihecus  converged  rap- 
idly toward  the  narrow  chin,  which  sloped  sharply  backward.  This 
configuration  is  partly  correlated  with  the  small  size  of  the  lower 
canines,  which  had  not  yet  become  enlarged  as  they  are  in  later  anthro- 
poids. The  marked  divergence  posteriorly  of  the  mandibular  rami 
and  the  relative  anteroposterior  shortening  of  the  jaw  indicate  that 
th(  skull  was  correspondingly  wide  across  the  glenoid  surfaces,  this 
character  being  frequently  correlated  with  a  transverse  expansion  of 
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the  brain.  The  absence  of  pi,  pi  and  the  consequent  reduction  of  the 
lower  premolars  to  two  on  each  side  imply  an  early  shortening  of 
the  face,  perhaps  not  unlike  that  seen  in  Necrolemur.  The  relatively 
low  position  of  the  mandibular  condyle,  together  with  the  backward 
inclination  of  the  whole  ascending  ramus  and  the  relative  shallowness 
of  the  horizontal  ramus,  indicate  that  the  face  was  less  bent  down 
upon  the  cranium  than  it  is  in  the  higher  apes. 

As  to  the  probable  nature  of  the  food  of  Parapilhecus:  the  small 
size  and  lack  of  laniary  modification  of  the  canines,  and  the  blunt 


Fic.  215.    ParapitkKas  Jmasi.    Lower  Our.tCENK,  Fayum,  Egypt 
1, 1. — Lower  jaw.     X  1.    Modified  from  Schlosser. 
3.— Lower  teeth,  crown  view.     X  3/2.     After  Schlosser. 
4.~Medial  view  of  indtots,  canines,  and  premolars.    X  1-    After  Werth. 

non-sectorial  form  of  the  premolars  and  molars,  would  exclude  spe- 
cialized carnivorous  habits,  while  the  gently  procumbent  incisors  and 
low-cusped  cheek  teeth  seem  to  indicate  a  mixed  diet,  possibly  of 
insects,  fruits,  bird  eg^,  and  small  reptiles.  From  the  pointed  form 
of  the  lower  dental  arch  it  is  legitimate  to  infer  that  the  upper  dental 
arch  was  also  convergent  in  front  and,  from  this  fact  and  other 
considerations,  it  is  apparent  that  the  upper  canines  were  not  laniari* 
form.  The  two  upper  premolars  must  have  been  more  or  less  bicus- 
I^d  in  order  to  articulate  properly  with  the  lower  premolars;  while 
from  the  elongation  of  the  first  and  second  lower  molars,  and  from  the 
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arrangement  of  their  five  cusps,  it  is  perfectly  safe  to  infer  that  the 
first  and  second  upper  molars  were  more  or  less  quadrate  in  form,  with 
well-developed  posterointernal  cusps  or  hypocones.  The  five-cusped 
bunodont  lower  molars  had  already  advanced  far  from  the  primitive 
primate  types  represented  in  the  Lower  Eocene  tarsioids  and  lemur- 
oids.  The  trigonid  is  now  depressed  to  the  level  of  the  talonid,  the 
paraconid  has  been  lost,  and  the  primitive  V-shaped  cusps  have  be- 
come low  and  conical  and  have  almost  lost  their  crests.  The  poten- 
tially bicuspid  premolars  are  widely  unlike  the  molars,  whereas  in 
more  primitive  mammals  the  contrast  between  the  posterior  pre- 
molars and  the  molars  is  not  so  great 

In  view  of  the  foregoing  considerations,  taken  in  connection  with 
the  fact  that  there  are  many  special  resemblances  between  the  lower 
dentition  of  Parapilliecus  and  that  of  the  contemporary  Proplio- 
pilhecus,  the  oldest  known  true  anthropoid,  there  is  good  reason  to 
infer  that  the  skull  of  Parapithecus,  when  discovered,  will  be  found 
to  exhibit  a  mixture  of  characters,  some  recalling  tarsioid  conditions 
and  others  foreshadowing  the  catarrhine  or  primitive  anthropoid 
grade  of  organization,  but  none  of  extreme  or  aberrant  specialization. 

AProiUM,  OF  THE  LOWER  OLIGOCENE  OF  EGYPT,  A  STRtTCTURAL  ANCESTOR 
OF   THE    CERCOPITHECOID   TYPE    OF   DENTiriON 

This  interesting  fragment  of  a  small  lower  jaw,  containing  the 
fourth  premolar  and  the  three  lower  molars,  was  found  in  the  Lower 
Oligocene  of  Egypt  and  described  in  1908  by  Professor  Osbom,  who 
showed  that  the  animal  differed  from  the  small  contemporary  artio- 
dactyls,  especially  in  the  form  of  its  premolars.  He  noted  that  it 
differed  also  from  all  hitherto  described  genera  of  Primates  and 
stated  that  its  ordinal  position  would  remain  uncertain  until  the 
front  teeth  are  discovered.  Schlosser,  in  his  memoir  on  the  Lower 
Oligocene  mammals  of  the  FayQm  (1911,  pp.  67-68),  inclined  to  the 
opinion  that  Apidtum  was  a  primate  and  possibly  a  forerunner  of 
the  Cercopitheddfe.  This  determination  is  somewhat  strengthened 
by  the  following  considerations. 

(1)  As  compared  with  the  contemporary  Parapithecus,  which  is 
admittedly  a  primate,  Apidtum  presents  a  fundamental  agreement  in 
the  ground  plan  of  its  fourth  lower  premolar  and  three  lower  molars. 
In  both  cases  the  fourth  lower  premolars  are  potentially  more  or  less 
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bicuspid  and  sharply  differentiated  from  the  molars;  the  molars  are 
elongate  anteroposteriorly  and  bear  five  principal  subcorneal  cusps, 
arranged  in  two  pairs,  with  a  median  hypoconulid.  These  resem- 
blances alone  would  not  be  sufficient  to  demonstrate  an  ordinal  affin- 
ity of  Apidium  with  Parapithecus,  but  they  gain  in  value  when  con- 
sidered in  connection  with  other  evidence. 

(2)  From  an  inspection  of  Figs.  216  and  217,  it  will  be  evident  that 
the  lower  teeth  of  Apidium,  so  far  as  known,  have  the  same  groimd 
plan  as  do  those  of  Oreopilhecus  (a  peculiar  catarrhine  ape  from  the 


FlO    216.  Apidium  phiomensis.    Lower  Oligocene,  Fayum,  Ecvpt.     After  OSBOB.t 
T^pe,  Amer.  Mus.,  no.  13,370.    A,  superior;  A',  lateral;  A*,  medial  view.    Outliae 
figures,  X  1;  shaded  figures,  X  2. 

Lower  Miocene  of  Italy),  but  that  they  are  far  more  primitive  and 
are  nearer  to  a  still  older,  more  tarsioid  stage.  Thus  in  Apidium, 
while  p4  is  at  most  incipiently  bicuspid,  in  Oreopilhecus  the  correspond- 
ing tooth  is  fully  bicuspid  and  has  the  posterior  cingulum  and  talonid 
fossa  further  developed.  The  lower  molars  of  Apidium  retain  much 
that  is  reminiscent  of  a  lower  primate  stage,  the  talonids  of  mi.  mi 
being  notably  wider  than  the  trigonids.  On  the  other  hand  they 
foreshadow  the  conditions  in  Oreopilhecus  in  the  facts  (a)  that  the 
molars  are  elongate  anteroposteriorly,  (b)  that  the  third  molar  is 
longer  than  the  second,  and  (c)  that  the  crista  obliqua  bears  a  new 
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cusp  at  its  anterior  end  immediately  behind  the  posterior  slope  of 
the  talonid.  The  hypoconulids,  unusually  prominent,  at  least  on 
mi,  mi  in  Apidium,  are  well  developed  in  Oreopithecus. 

(3)  The  lower  molars  of  Apidium  remotely  resemble  those  of  Cebo- 
chcerus,  a  relatively  primitive  member  of  the  Suidse  from  the  Eocene 
of  Europe,  but  Schlosser  {op,  cit.,  p.  68)  pointed  out  that  this  general 
resemblance  does  not  extend  to  the  more  significant  details  and  that 
Apidium  differs  widely  from  Cehochterus  and  other  early  artiodactyls 
which  have  compressed  lower  premolars.    Although  the  status  of 


r^^M^ 


Fig.  217.  Coufakative  Sekies:  Fisst  and  Second  Lowes  Molabs  of  ApUium. 
Oreopithtcus,  DMchopithtcus. 
A.  Apidium  pkiomauis.    X  2.    After  Osbom.    B.  Ortepilkteus  bambaU.    X  3/2. 
Piom  a  casL     C.  DoUckofrHhecus  ruicintiuis.    X  3/2.    From  a  cut. 

Apidium  as  a  primate  is  not  fully  established,  no  Eocene  artiodactyl, 
hyracoid,  or  other  mammal  with  which  I  have  compared  it,  affords 
so  favorable  a  comparison  of  the  patterns  of  p4,  mt,  mt,  vat,  with  those 
of  Oreopithecus.  We  have  also  seen  that,  so  far  as  known,  the  lower 
teeth  of  Apidium  are  more  or  less  intermediate  in  pattern  between 
an  Upper  Eocene,  JVccffffem«f-like  stage  and  a  Lower  Miocene  cerco- 
pithecoid  stage. 

(4)  From  the  relatively  high  stage  of  evolution  attained  by  Ow- 
pithecus  in  the  Lower  Miocene,  it  is  to  be  expected  that  in  the  Lower 
Oligocene  the  cercopithecoid  group  had  already  begun  to  separate 
from  the  related  anthropoid  stock.  Apidium,  so  far  as  known,  ap- 
pears to  conform  with  reasonable  expectations  of  what  such  a  Lower 
Oligocene  stage  should  be  like. 
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(5)  That  ancestors  or  relatives  of  the  later  Cercopithecidje  were 
present  in  the  Lower  OUgocene  of  Egypt  is  also  extremely  probable 
from  the  fact  that  the  American  Museum  expedition  in  1907  dis- 
covered there  a  frontal  portion  of  a  skull  which  resembles  closely 
the  corresponding  part  of  some  of  the  smaller  Cercopithecinie. 

OREOPITHECUS,   A    PRIMITIVE    CEBCOPITKECOID    OF   THE    LOWER 
MIOCENE    OF   ITALY 

In  Lower  Miocene  (Vindobonian)  times  there  was  a  more  or  less 
continuous  tract  of  land  extending  from  northern  Italy  eastward  to 
and  beyond  India.  Primitive  anthropoid  apes,  cercopithecoid  mon- 
keys and  other  mammals,  all  originating,  it  is  believed,  in  Asia, 
spread  westward  and  are  found  in  Miocene  and  Pliocene  deposits  of 
Europe  and  Asia  (Osborn,  1910,  p.  255).  The  genus  OreopUhecus, 
already  mentioned  as  occurring  in  the  Lower  Miocene  of  Italy,  differs 
in  so  many  details  of  its  dentition  from  the  typical  Ccrcopithecidae 
that  it  was  set  apart  as  a  distinct  family,  "  Oreopithecidae,"  by 
Schwalbe  (1915),  who  has  described  the  jaws  and  dentition  of  this 
animal  in  great  detail.  Its  dentition  on  the  whole  appears  to  be  more 
primitive  than  that  of  the  Cercopithecidie  in  the  fact  that  the  molars, 
although  having  the  principal  cusps  arranged  in  pairs,  do  not  have 
the  opposite  cusps  connected  by  high  transverse  crests.  The  upper 
molars  are  quadrate  with  four  principal  conical  cusps.  They  differ 
from  the  molars  of  anthropoids  especially  in  having  a  prominent  crest 
running  obliquely  from  the  base  of  the  metacone  forward  and  inward 
toward  the  protocone,  and  meeting  another  oblique  crest  running 
forward  and  outward  from  the  hypocone.  The  mode  of  derivation 
of  this  rather  peculiar  arrangement  is  unknown.  The  upper  canines 
are  not  enlarged  as  they  are  in  most  other  monkeys  and  apes,  but 
end  in  a  bluntly  conical  tip,  which  does  not  project  below  the  level 
of  the  premolars.  Partly  in  correlation  with  the  lack  of  a  tusk- 
like specialization  of  the  canines  the  upper  dental  arch  is  convergent 
in  front.  As  noted  above  (p.  288),  the  lower  molars  differ  from  those 
of  the  more  typical  CercopithecidEc  in  having  a  rather  prominent 
cuspule  located  at  the  anterior  end  of  the  crista  obliqua  of  the  hypo- 
conid.  On  the  whole  the  affinities  of  Oreopitkecus  seem  to  be  clearly 
with  the  Cercopithecida  rather  than  with  the  anthropoid  apes,  and 
its  peculiar  generic  characters  do  not  seem  sufficiently  important  to 
necessitate  placing  it  apart  in  a  distinct  family. 
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THE  SEUNOPITHECINE  MONKEYS  OF  MIOCENE  AND  LATER  EPOCHS 

The  semnopithecine  monkeys  (including  the  well-known  "Entellus" 
monkey  of  India  and  many  other  Asiatic  and  African  fonns)  repre- 
sent an  herbivorous  specialization  of  the  primitive  catarrhine  stoc^ 
As  is  well  known,  the  coecum  is  enormously  developed  for  the  diges- 
tion of  vegetable  food,  while  the  two-crested  molars,  which  in  the 
Lower  Pliocene  genus,  Dolickopithecus,  were  remarkably  like  those  of 
tapirs  and  kangaroos,  are  also  adapted  for  the  cutting  of  leaves  and 
tender  shoots.  The  laniariform  canines,  which  have  doubtless  become 
specialized  from  the  smaller  canines  of  more  ancient  primates,  are  useful 
in  fighting  and  possibly  in  piercing  the  tough  rinds  of  large  fruits. 

The  Semnopithecinje  exhibit  some  interesting  variations  in  the 
length  and  proportions  of  the  jaws  and  cranium,  and  in  the  f<mn 
of  the  upper  dental  arch.  The  most  primitive  genera,  DolichopUke- 
cus,  Mesopithecus,  had  a  rather  large  muzzle  and  a  comparatively 
low  braincase.  In  some  species  of  Semnopithecus  (Pygatkrix)  and 
Colobus  {fig.  218),  the  face  and  the  cranium  both  become  short,  with 
consequent  anteroposterior  shortening  of  the  dental  arches,  molars 
and  lower  jaw.  The  upper  dental  arch  in  Colobus  males  diverges 
anteriorly  in  correlation  with  the  tusk-like  form  of  the  canines,  while 
in  females  with  small  canines  the  dental  arch  becomes  convergent  in 
front.  In  Nasalis  [fig.  222)  there  has  apparently  been  a  marked 
obUque  downward  growth  of  the  upper  jaw  and  a  secondary  antero- 
posterior elongation  of  the  molars.  In  Rhinopithecus  (Jig.  220)  the 
lower  jaw  becomes  very  stout  and  deep  and  acquires  a  sort  of  anthro- 
poid appearance. 

THE   CERCOPITHECINE   MONKEYS 

This  division  of  the  family  Cercopitheddx  first  appears  in  the 
Lower  Pliocene  of  India,  from  which  isolated  molars  not  differing 
greatly  from  those  of  modem  cercopithedne  monkeys  have  been 
described  by  Lydekker  and  by  Pilgrim  (1915),  The  primitive  «ra>- 
pithecine  monkeys  (macaques,  baboons,  and  related  genera)  appar- 
ently had  a  rather  short  face.  There  are  many  species  still  existing, 
the  skulls  of  which  may  be  arranged  in  a  structural  series  begiimiiig 
with  the  short-faced  macaques  (fig.  227)  and  culminating  in  the  man- 
dril among  the  dog-faced  baboons  (Hg.  229).  The  molars  share  a 
little  of  this  anteroposterior  elongation  (fig.  234)  but  not  nearly  so 
much  as  in  many  lines  of  long-faced  ungulates. 
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Fig.  220.  Rhinopilhecus  bieti.     X  4/S 

Figs.  219    to  226,   Inclusht.    CoMP.tKATi\-£    Seues:    Skdus    t 
Skvlls  aftek  Eluot,  Rearranged 
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FiO.  222.  Hatalu  lanatut.    X  4/5 


FiO.  224.  RkiHCpilhecui  roxdlaiM.    X  4/S 


Fio.  326.  Hatalb  larvalut.    X  4/5 


Fic.  228.  TkeropUkecus  obscurus.     X  3/4 


I  229,  Inclusive.  Compakative  Series:  Skulls  oi  Cercoi 
Skulls  aetei  Eluot,  KEAXBAtroBD 
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In  another  direction  we  may  pass  by  way  of  the  Gibraltar  ape 
(Macacus  inuus)  to  the  deep-faced  gelada  baboon  {Theropithecus,  fig. 
228).  There  is  a  group  of  African  genera  centered  around  Cercocebus, 
which  likewise  exhibits  some  interesting  variations  in  head  form. 
One  of  them  (Erylhrocebus)  has  a  relatively  long  cranium  and  face, 
while  a  related  genus,  Miopithecus,  has  an  expanded  braincase  and 
short  mandible  {figs.  230-232) .  The  former  is  a  plains-living  quadru- 
pedal monkey,  while  the  latter  lives  in  the  trees. 

Notwithstanding  the  variations  in  length  of  face  among  the  Cerco- 
pithecidjE,  the  first  and  second  upper  and  lower  molars  always  present 
two  distinct  and  subequal  anterior  and  posterior  moieties,  which  often 
bear  high  transverse  crests;  and  this  character  is  so  deeply  impressed 
upon  all  known  members  of  both  divisions  of  the  family  that  it  prob- 
ably was  acquired  at  a  relatively  early  date.  And,  if  the  above- 
described  genus,  Apidium,  really  be  a  forerunner  of  the  Cercopithe- 
ddffi,  it  will  be  seen  that  an  earlier  stage  in  the  development  of  this 
condition  had  been  attained  as  far  back  as  the  Lower  Oligocene. 

In  the  existing  cercopithecoid  genera  the  steps  by  which  these 
"bilophodont"  molars  have  been  derived  are  wholly  wanting,  but  we 
know  many  analogous  cases  of  the  development  of  bilophodont  molars 
from  more  primitive  quadritubercular  stages  among  the  [lerisso- 
dactyls  (tapirs,  etc.),  Eocene  axtiodactyls  (Tapiruius),  kangaroos  and 
other  groups,  so  that  merely  by  analogy  with  these  other  cases-  we 
may  infer  that  the  bilophodont  pattern  of  the  upper  molars  in  the 
Cercopithecidffi  has  been  attained  as  follows: 

(1)  After  the  development  of  the  secondary  trigon  and  the  obliter- 
ation of  the  primary  trigon,  as  described  in  Part  II,  and  after 

(2)  the  progressive  widening  of  the  talonids  and  the  correlated 
ejtpansion  of  the  "protocones,"  we  have 

(3)  a  lowering  of  the  trigonid  to  the  level  of  the  talonid,  and 

(4)  a  secondary  transverse  widening  of  the  trigonid,  so  that  the 
trigonid  and  talonid  become  subequal  in  width;  there  is  alsp  ^ 

(5)  a  loss  of  the  paraconid  ana  ■  ■•  .-■ 

(6)  a  correlated  outgrowth  of  the  hypocone  which  articulates  with 
the  basin  of  the  trigonid ;  meanwhile  we  have 

(7)  a  coupling  of  protoconid  and  metaconid,  of  hypo-  and  entoconid, 
the  latter  pair  articulating  in  the  middle  of  the  upper  molars,  which 
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have  now  become  quadrate  in  form  and  more  elongate  anteropos- 
teriorly.  The  palaeontological  record,  although  incomplete,  supports 
this  interpretation  since  it  affords  the  following  structural  stages: 

(I)  Lower  Jurassic  Trituberculata  (especially  Amphitherium) : 
Early  stage  in  the  evolution  of  the  talonid,  upper  molars  with  pri- 
mary trigon  retained,  secondary  trigon  in  early  stage  (see  Part  II). 
■(2)  Paleoceneinsectivores:  Primary  trigon  modified,  secondary  tri- 
gon developing,  upper  molars  tritubercular,  lower  molars  tuberculo- 
scctorial. 

(3)  Lower  Eocene  tarsioids:  Primary  trigon  obliterated  by  wide 
separation  of  para-  and  metacones  and  great  expansion  of  "proto- 
cones;"  lower  molars  with  wide  but  low  talonids  and  small  high 
trigonids. 

(4)  Upper  Eocene  tarsioids  (e.g.,  MicrocktErus):  Upper  molars 
more  or  less  quadritubercular  through  upgrowth  of  hypocone,  but 
tritubercular  ground  plan  still  evident;  second  lower  molars  with 
subequal  trigonid  and  talonid;  a  hypoconulid. 

(5)  Lower  OUgocene  Apidium:  Upper  molars  unknown,  but  (as 
shown  by  the  structure  of  the  lower  molars)  necessarily  quadrate, 
elongate  anteroposteriorly,  and  with  incipient  pairing  of  the  four 
main  cusps,  dividing  the  crown  into  anterior  and  posterior  moieties; 
second  lower  molars  elongate,  mj  with  trigonid  and  talonid  subequal 
in  width,  four  main  cusps  conical,  paired  but  not  joined  by  transverse 
crests;  paraconids  reduced,  hypoconuUds  prominent,  double  on  mg,  an 
accessory  cusp  at  the  anterior  end  of  the  crista  obliqua  on  all  three 
molars. 

(6)  Lower  Miocene  Oreo^'/Accas:  Upper  molars  anteroposteriorly 
elongate;  four  main  cusps  conic,  paired  but  not  connected  by  trans- 
verse crests;  lower  molars  fundamentally  as  in  (5)  but  opposite  cusps 
more  distinctly  paired. 

(7)  Lower  Pliocene  Dolichepithecus:  Fundamentally  as  in  (6),  but 
paired  cusps  in  both  upper  and  lower  molars  bearing  high  transverse 
ciests;  reduction  of  the  hypoconuUd,  except  on  mg. 

The  early  pairing  oj  the  molar  cusps  in  groups  of  two,  together  with 
the  relative  unimportance  of  the  hypoconulid,  are  conspicuous  characters 
wAJcA  definitely  rule  all  cercopithecoid  monkeys  out  of  the  line  of  ascent 
leading  to  the  anthropoid  apes  and  man. 
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n.  ORIGIN  AND  RISE  OF  THE  ANTHROPOID  APES  (SERIES 
CATARRHIN^,  FAMILY  SIMIID^) 

PbOPUOPTTHECCS,  FROM  THE  LOWER  OUGOCENE  OF  EGYPT,  AND  THE 
ANCESTRY   OF   THE   GIBBONS   (SDBFAMILY  HYLOBATIN^} 

Propliopithecas.  This  important  stage  of  evolution  is  so  far  known 
only  from  an  incomplete  lower  jaw  from  the  Lower  Oligocene  of 
Egypt,  which  was  a[^ropriately  named  Propliopithecus  haeckdi  by 
Schlosser  in  1911.  Fortunately  the  teeth  are  so  highly  characteristic 
and  so  much  like  those  of  the  later  PlicpUhecus  in  general  plan  that 
there  can  be  no  question  that  Propliopithecus  is  an  early  and  relatively 


Flo.    235,  PropIu>pUh«us    katckdi.    Lower    Ouoocene,    FAvfiii,    Eotot.    Arm 


Lower  jaw.    X  1.    Left  lower  teeth  (canine  to  mi,  inclusive).    X  3/2 

primitive  representative  of  the  anthropoid  stock.  As  compared  with 
the  jaws  of  modem  gibbons  that  of  Propliopithecus  is  much  more 
primitive  in  respect  of  the  following  characters: 

(1)  The  lower  canines  were  not  much  enlarged  and  the  anterior 
lower  premolars  were  not  compressed,  elongate  or  sectorial,  but 
anteroposteriorly  shorter,  more  like  those  of  the  contemporary  Para- 
pilhecus.  Hence  (although  such  an  inference  may  appear  unscien- 
tific to  skeptics  who  insist  on  waiting  for  "more  fossils"),  it  is  safe 
to  infer  that  the  upper  canines  were  of  relatively  small  size,  not  greatly 
enlarged  and  sabre-like  as  they  are  in  the  modem  gibbons  and 
siamangs. 
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(2)  As  the  whole  jaw  is  shorter  and  relatively  deeper  than  those  of 
gibbons  and  siamangs,  .and  as  the  upper  canines  were  evidently  not 
tusk-like,  it  is  extremely  probable  that  the  dental  arches  were  shorter, 
and  more  convergent  in  front. 

(3)  The  relatively  small  size  and  vertical  position  of  the  lower 
canine,  and  the  shorter,  more  convergent  dental  arches,  indicate  a 
correqwndingly  shorter  face  and  probably  less  pronounced  progna- 
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thism  than  is  common  among  recent  gibbons.  From  these  and 
other  considerations  it  se^ns  highly  probable  that  the  primitive  an- 
thropoids were  less  prognathous  than  their  modem  descendants,  and 
that  prognathism  has  increased  pari  passu  with  the  enlargement  of 
the  canines,  and  (except  in  the  gibbons)  with  the  widening  of  the 
coitral  incisors. 

As  noted  by  Schlosser,  PropliopUhecus  is  structurally  allied  with 
and  probably  ancestral  to  PlicpUhecus  of  the  Upper  Miocene  and 
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howa  Pliocene  of  Europe.  vUch  in  turn  leaxb  to  the  modem  gibboDS. 
The  omclusion  Eopported  by  the  vriter  is  that  Pnpii9fi:kecta.  stand- 
ing io  or  near  the  base  oi  the  gibbon  line,  also  affords  an  eaih-  stage 
of  the  dentition  that  is  structurally  intermediate  betveoi  the  lower, 
more    tanioid   Parapilktcui   and   some   primitive  Dr\-QpUkaui^Sk£ 


Fio.  237.  CoMFAKisos  or  (A)  FlicpUk^iu  aMiquiii,  Apteb  Homuss,  ksd(B) 
Bylobatei  lar.  X  1. 
Tliii  figure  weU  illtutntea  the  relatively  doM  structural  and  genetic  lelationihqM  oi 
thcM  genera.  The  modem  genus  has  become  specialized  in  the  widening  of  tlie  medkn 
indMMB,  in  the  lanimiy  form  of  the  canines,  in  the  anterc^xHterior  elongatioa  of  tbe  pcB- 
moUn  and  in  the  reduction  of  the  cingulum  of  the  molais. 

Stage,  which  would  be  the  common  starting-point  for  the  main 
branch  leading  to  the  anthropoids  and  to  man. 

Pliopithecus.  The  dentition  and  relationships  of  this  important 
form  are  discussed  in  the  following  passages  quoted  from  my  "Studies 
on  the  evolution  of  the  primates"  (1916,  pp.  301-305): 
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Flo.  238.  COUPAKATIVE  Series:  Lower  Jaws  07  FarapUheau  and  Hvlobatinji.     X  1 
K.~Parapilhtcui  fratui.     Lower  Oligocene,  FayUm,  Egypt.    After  Schlosser. 
B. — PntUopilhtcui  hatckli.     Lower  Oligocene,  FayUnt,  Egypt.    After  Schlosser. 
C — PUopUhecus  anliqMis.    Lower  Pliocene,  Germany.     From  a  cast. 
D. — Symfkatantus  syttdattylus.    ReceDt,  Asia.    After  De  Blainville,  modified  from 


MbriBC  parts  restond  hypotbedally  in  broken  lines. 
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"This  Upper  Miocene  and  Lower  Plioxeae  genus  has  been  ngaided 
by  nearly  all  authois  except  Dubois  (1897)  and  Hlgrini  (1915)  as  an  anos- 
tral  gibbon,  Hoffman  (1893)  after  a  very  careful  invesdgatioD  even  pibdng 
it  in  the  genus  Hy^obaUs.  Its  resemblances  to  the  gibbcxis  are  indeed  to 
numerous  and  so  fimdamental  that  I  do  not  doubt  that  it  is  at  least  itxnc- 
turally  ancestral.  Dr.  Pilgrim  (1915)  on  the  contrary  thinks  it  is  i-wt^ArA 
from  the  direct  ancestr>-  of  the  gibbons  by  at  least  the  fdlowing  dianclas: 

{,  1 )  The  greater  proportionate  breadth  of  the  teeth  in  the  front  at  tlie  ^w 
in  Piiopitkaus  particularly  marked  in  the  case  <A  [Hn*,  but  notionbJe  in 
the  premolars,  upper  as  well  as  lower,  and  in  the  first  mxAMx  above  and 
below. 

(2)  The  much  longer  symphysis  in  PlwpUhecus. 

(3)  The  greater  di\xrgcnce  of  the  mandibular  ramL 

''But,  to  deal  with  these  in  reverse  order,  why  is  the  greato'  dlv^geuce 
of  the  mandibular  rami  regarded  as  a  specialization  in  PUopiAeaa,  and 
why  are  the  more  parallel  rami  of  the  gibbons  r^arded  as  moie  pdmitiv^ 
¥iota  the  reduction  ol  the  dental  formula  and  crowding  oat  ti  erne  pnr 
fi  incisors  and  the  two  anterior  paii^  of  premolars  in  all  (Hd  Worid  Andiio- 
poidca,  and  from  the  e^'idence  that  all  this  series  e\'entually  ran  hwi  ints 
small  insectivorous-frugivorous,  short-faced  lemuroids  analogtnis  to  .Vsorv- 
lenrnr  and  the  .\naptomoTphid«,  it  seems  quite  pn^ble  that  in  the  lamdE 
ancestors  <A  the  series  the  front  of  the  jaw  was  quite  narrow,  with  snotll 
scmi^irocumbent  canines  and  indsors,  the  mandibular  rami  diingeit  t*^'**^ 
than  paraQcL  Such  a  jaw,  as  shown  above,  is  already  ki>own  in  the  "Lawa 
Ohgocene  ParapUiuxui.  On  the  other  band  the  parallel  lanu,  wide  ima- 
zlcs  and  chins  of  the  gorilla,  chimpanzee  and  oiai^  are  obvicmsh-  cocicUaed 
with  the  widened  incisors  and  tusk4ike  canines.  The  ^bbon.  too,  las 
acquired  almost  sabrc4ike,  wide-^read,  although  slender,  vppa  rarmiBi. 
and  somewhat  wider  incisors;  in  coimection  with  these  fcatmcs  i&  jaw  \aa 
widened  dislally  and  its  mandibular  rami  have  become  paiaLcO  ixdiB'  dm 
ccmvei^ent.  To  the  same  sabre-like  form  (rf  the  camnes  as  a  •pnnaav 
adaptation  may  reasonably  be  credited  the  dkmgate  catrgxtcBed  iomi  id 
the  front  lower  premolar,  as  well  as  the  oblique  downward  prdongarimi 
cj  the  front  portion  of  its  crown,  features  de^ek^xd  in  far  gmls'  ^^re 
in  the  baboons,  where  their  association  with  the  tusk-Eke  fomi  of  t^  iq^er 
tanine  is  very  ob\-iou£.  Pliepithecvs,  on  the  other  hand,  in  1^  divEigEin 
lami,  in  the  smaller  canines  and  in  the  wider  praDolai^  has  irnrinwl  de 
characters  seen  in  java-Va  emphaas  in  the  far  <AAa  l 
ParapHkecus. 
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"the  greater  width  of  the  upper  premolars  in  PliopUkecus,  as  compared 
with  the  gibbons,  means  only  that  in  the  gibbons  the  relative  antero- 
posterior diameter  of  these  teeth  has  increased,  perhaps  in  correlation 
with  a  slight  lengthening  of  the  premolar  region  in  the  lower  jaw,  and  the 
same  is  true  of  the  greater  relative  width  of  the  first  upper  and  lower  molars. 
As  noted  above,  in  many  mammals  there  is  often  a  tendency  for  molars  to 
transform  from  a  relatively  wide  and  triangular  crown  to  an  anteroposte- 
riorly  elongated  quadrangular  crown.  This  tendency  has  affected  the  gib- 
bon far  less  than  the  gorilla,  but  the  gibbon  has  not  escaped  it  entirely,  as 
the  foregoing  comparison  with  Pliopitkecus  indicates.  The  greater  breadth 
erf  the  lower  premolars  in  Parapithecus  and  Propliopithecus  by  no  means 
excludes  them  from  the  ancestry  of  the  gibbons.  In  the  remote  forerunners 
of  the  whole  anthropoid  series  there  was,  as  above  noted,  a  marked  fore- 
and-aft  crowding  of  the  front  of  the  jaw,  a  process  seen  also  in  the  Anapto- 
morphidx,  where  it  also  results  in  a  relative  widening  of  the  premolars. 

"As  for  the  much  longer  symphysis  in  Pliopithecus,  that  is  associated 
perhaps  with  the  far  heavier  mandibular  rami,  very  wide  ascending  ramus 
and  heavy  jaw  muscles.  Such  a  tyi>e  of  jaw  is  clearly  foreshadowed  in 
Propliapiihecus  and  is  carried  to  an  extreme  in  the  male  orang.  While 
there  is  a  truly  amazing  variation  in  the  form  of  the  jaw  in  the  siamang, 
as  shown  by  Bolk  (1915),  the  very  slender-jawed  types  with  a  weak  sym- 
physis have  a  degenerate  look,  which,  as  in  the  case  of  certain  Cebids 
and  Lemuridx  is,  I  believe,  a  late  acquisition. 

"Among  the  characters  which  in  Dr.  Pilgrim's  view  tend  to  exclude 
Propliopilhtcus  and  Pliopithecus  from  the  ancestry  of  the  gibbons  is  'the 
fact  that  mj  is  shorter  than  mj.'  'There  can,  however,  be  no  doubt,' 
continues  Pilgrim  (p.  63),  'that  the  latter  character  is  typical  of  an  advanced 
stage  of  evolution.'  But  in  the  far  older  Anaptomorphidx  of  the  Lower 
and  Middle  Eocene,  m«  is  usually  a  smaller  tooth  than  mi  and  is  sometimes 
even  shorter.  The  further  fact  that  it  is  shorter  than  m^  in  both  the  known 
Oligocene  genera.  Pro  pliopithecus  and  Parapithecus,  suggests  that  this  is 
a  primitive  character  rather  than  that  these  genera  should  be  excluded 
from  the  ancestry  of  Propliopithecus  and  the  gibbons. 

"  'The  question  of  the  canines  in  this  branch  merits  consideration,'  says 
our  author  {loc.  cit.).  'Are  the  small  canines  in  Propliopithecus  an  instance 
of  precocious  reduction,  similar  to  what  has  occurred  at  an  extremely 
recent  period  in  the  case  of  the  Hominida,  or  were  the  canines  of  the 
Anthropoidea  primitively  small?  The  answer  to  this  can  only  be  hazarded 
as  a  guess.'  But  to  the  present  writer  the  evidence  on  this  matter  seems 
fairly  decisive.    The  canines  are  quite  small  in  most  of  the  Lower  Eocene 
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ictuit  apes.  It.  schkeser's  i^vv  Is  :bu  cc  udc  PdccaiB  ^eHnOy  the 
tamiix  tTAV  have  or^ioated  as  a  frocit  f««r:c^  vMch  ^radoal^  twyam^ 
caniiuf<>rrc,  anii  tiiat  die  orisical  ^ysw  "r^ri*  came  to  fomciaa  as  an 
icckAir.  Tfda  by^tht^.  althtxisi  iavon«i  bv  Dr-.  f^tcnm  p^  64,),  s.  in 
my  jtv!^«nt.  Cotally  «tocicou=  aivd  based  -.xpoti  a  take  aoalo^  supplied 
by  the  Lemuivbt.  For  the  kmer  '•^ni'V  a  aO  a:ii£inipaids  and  in  the 
Adapidjt  and  Cebidf  DU  in  froa:  <A  the  erst  madOan'  tmoch.  wfaidi  is 
lufeh'  an  upper  canine.  Hence  the  loirei  cacine  oc  aathrDpoids  is  boim^ 
0)^jU5  irith  the  ktwei  canine  oi  Icmuroids. 

"In  Oinchiaon  it  may  be  remarked  that  the  [»c=ent  writer  daring  the 
p^t  fifteen  years  has  had  perhaps  unosual  opptMiunities  for  studrii^  the 
evfAution  oi  the  teeth  in  many  phyla  oi  mammals.  From  this  expcricDce 
has  ^FCiwn  the  impressicMi  that  mere  quatditaike  diferences  in  depee, 
or  in  propmtion,  should  nol  in  ihemsehes  and  Tcilkotit  j'yrlker  eridemce  be 
deemed  si^uient  to  exclude  an  earlier  form  from  the  ancestral  line  of  a  later 
fonn.  In  many  cases  I  believe  that  there  are  maibd  changes  and  wca 
reversals  in  the  trend  oi  e\'olution  as  we  foUow  the  tines  onward — of  whkh 
many  fairly  well  attested  instances  might  be  dted. 

"Such  a  reversal  of  trend  may  well  be  illustrated  in  the  historj'  d  the 
dentition  in  the  line  lading  to  the  gibbons.  .\t  a  very  remote  period, 
perhaps  in  the  Lower  Eocene,  there  was  probably  a  marked  anteroposterior 
crowding  of  the  front  part  of  the  lower  jaw,  with  a  consequent  dimination 
of  one  incisor  and  two  premolars  on  each  side,  and  a  widening  of  the  lower 
premolars,  this  stage  being  represented  by  Parapithecus  and  Propliopilkecus. 
Subsequently  there  was  a  secondary  increase  of  length  in  the  front  part  of 
the  rami,  associated  with  an  increase  of  lei^th  in  anteroposterior  diameter 
and  a  decrease  in  width  in  the  lower  premolars,  a  rapid  enlargemeit  of  the 
canines,  a  widening  of  the  distal  end  of  the  jaw  and  a  paralld  realignment 
of  the  lower  tooth  rows. 

"In  brief  it  appears  to  the  present  writer  that  the  genera  ParapitMecus, 
PropliopilhecHs,  Pliopiikecus,  Hylobates  (in  the  broad  sense)  oSer  a  fairiy 
good  series  characterized  by  the  following  changes:  (a)  increa^ng  verti- 
cality  of  the  incisors,  (b)  sabre-like  elongation  of  the  upper  canines,  (c) 
shortening  and  widening  of  the  symphysis,  (d)  anteroposterior  lengthening 
of  the  premolars,  (e)  weakening  of  the  body  of  the  mandible,  (f)  rounding 
of  the  molar  crowns  and  of  all  the  molar  cusps." 
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The  modern  gibbons.  The  following  discussion  of  the  cranial  and 
dental  characters  of  the  modem  gibbons  {Hylobates,  Symphalangus) 
is  quoted  from  "Studies  on  the  evolution  of  the  primates"  (1916,  pp. 
272-273): 

"Of  the  existing  anthropoids  the  gibbons  are  on  the  whole  the  most 
primitive  in  skull  and  dentition.  On  the  other  hand,  as  compared  with 
primitive  Eocene  lemurs  {Nolkarctus,  etc.),  they  share  with  other  anthro- 
poids and  Old  World  monkeys  the  following  characters: 

the  shortening  of  the  face, 

the  narrowing  of  the  olfactory  region, 

the  forward  growth  of  the  orbits  and  frontals, 

the  progressive  separation  of  the  orbital  and  temporal  fossx, 

the  great  widening  of  the  braincase, 

the  backward  growth  of  the  occipital  portion  of  the  braincase, 

the  b^inning  of  the  downward  deSection  of  the  fadal  part  oi  the 

"In  their  indpient  stages  all  these  characters  were  doubtless  character- 
istic of  the  ancestral  catarrhine  primates  as  a  whole  and  are  to  be  regarded 
as  [simarily  specializations  for  arboreal  existence;  they  are  correlated  in 
part  with  a  progres»ve  enlargement  of  the  cerebrum  and  a  reduction  of  the 
olfactory  portions  of  the  brain.  At  the  same  time  they  foreshadow  the 
end  spedalizatioos  of  higher  types. 

"The  bony  posterior  walls  of  the  orbits  separate  the  eye  and  its  muscles 
from  the  powerful  temporal  muscles,  which  are  inserted  on  the  posterior 
rim  of  the  protruding  orbits  as  well  as  on  the  sides  of  the  braincase.  This 
v(dununous  anterior  extension  of  the  temporal  insertion-area,  together  with 
the  forward  pushii^  of  the  braincase,  has  no  doubt  conditioned  in  part 
the  forward  growth  of  the  orbits,  the  shutting  off  of  the  orbits  from  the 
temporal  fosss,  and  the  retraction  of  the  face.*  There  is  no  sa^ttal  crest, 
the  oppoute  insertion-areas  of  the  temporal  muscles  being  widely  separated 
hy  the  flattened  parietal  vertex. 

"The  jaws  and  dentition  of  the  gibbons,  as  in  all  other  anthropoids,  are 

adapted  chiefly  for  a  frugivorous  diet.    The  gibbons  are  more  primitive 

than  the  other  anthropoids  in  retaining  the  sub-(ritubercular  upper  molars, 

in  which  the  primitive  trigonal  pattern  of  the  crown  is  only  a  httle  modified 

'  by  the  upgrowth  of  the  postero-internal  cusp,  or  hypocone,  the  inner  side 

'  No  doubt  tbe  forward  shifting  of  the  orbits  has  also  been  in  correlation  with  the 
qipmach  toward,  and  final  attainment  of,  the  ability  to  focus  both  tyea  on  a  nearby 
object. 
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of  the  crown  still  being  narrow  and  supported  by  an  undivided  root.  All 
the  molars  lack  the  folds  and  wrinklings  that  are  seen  in  the  higher  anthro- 
poids. The  lower  molars  have  the  four  mala  cusps  and  the  postero-median 
cusp,  or  bypcconulid,  which  are  characteristic  of  the  anthropoids  and 
man.    The  middle  part  of  the  crown  as  in  all  primates  fonns  a  broad  basin 


Fig.  241.  Sympkaiangus  tyndaclylus.    Loweb  Jaw. 


for  the  reception  of  the  main  internal  cusps  (protocone)  of  the  upper  molars. 
The  small  premolars,  or  bicuspids,  which,  as  in  other  catarrhines,  are 
reduced  to  two  above  and  below  on  each  side,  testify  to  the  former  loss 
of  the  two  anterior  premolars  of  the  primitive  placental  dentition  and  to 
the  marked  shortening  of  the  face  in  the  remote  ancestors  of  the  gibbons. 
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The  very  large  sabre-like  canines  may  be  either  a  defensive  specialization 
or,  more  probably,  a  frugivorous  one.  The  assumption  of  the  tusk-like 
form  has  evidently  conditioned  the  deepening  of  the  anterior  part  of  the 
lower  jaw,  the  firm  union  of  its  opposite  halves,  and  the  rapid  upward 
slope  of  its  posterior  border.  The  slenderness  of  the  horizontal  ramus  is 
in  all  probability  a  retrogressive  character:  first,  because  in  all  other  anthro- 
pcnds  the  ramus  is  deep;  secondly,  because  there  is  wide  variation  in  this 
character  in  the  genus  Siamanga  (see  Bolk,  1915);  and  thirdly,  because  an 
analogous  reduction  of  the  ramus  is  seen  in  the  CebidK  in  several  genera. 

"The  incisors  of  the  gibbons  have  remained  rather  primitive  in  fonn 
and  consist  of  small  procumbent,  chisel-like  teeth,  well  adapted  for  holding 
and  cutting  fruits,  the  inner  pair  being  only  slightly  enlarged  and  not 
excesMvely  wide  as  in  higher  anthropoids. 

"Cert^n  skull  characters  are  undoubtedly  connected  with  the  upright 
pose  of  the  gibbons,  both  in  sitting  and  progressing,  especially  the  down- 
ward facing  of  the  foramen  magnum,  which  brings  the  head  at  a  sharp 
angle  to  the  vertebral  column." 

An  important  conclusion  of  lite  foregoing  discussion  is  that  the  sabre- 
like form  of  the  upper  canines  and  the  sectorial  form  of  the  anterior  lower 
premolars  of  the  gibbons  are  relatively  late  specializations. 

The  gibbons  are  intermediate  between  the  cercopithecoid  monkeys 
on  the  one  hand  and  the  true  Simiidae  or  anthropoids  on  the  other, 
so  that  they  are  often  set  apart  as  a  distinct  family,  Hylobatidie. 
Thus  they  agree  with  the  Cercopithecidie  in  many  significant  char- 
acters of  the  brain  (Keith),  in  the  lack  of  a  frontal  sinus,  in  the  pos- 
session of  large  ischial  tuberosities,  in  the  persistence  of  the  fossa 
subarcuata  in  the  periotic  bone  of  the  adult,  and  in  many  other  fea- 
tures of  the  anatomy,  so  that  Keith  (1896,  p.  396)  regards  them  as 
essentially  cynomorph  monkeys.  But  these  are  all  primitive  char- 
acters; and  in  the  other  direction  the  gibbons  are  widely  removed 
from  the  cynomorphs  and  definitely  allied  with  the  anthropoids  by 
the  characters  of  the  dentition,  by  the  brachiating  adaptations  of  the 
skeleton,  and  by  the  erect  mode  of  progression  on  the  ground.  Also 
the  palseontological  evidence  reinforces  the  conclusion  that  the  gib- 
bons, by  derivation  from  Proplioptthecus  or  some  closely  alUed  genus, 
are  also  related  with  Dryopitliecus  chinjiensis,  and  the  other  anthro- 
poids and  widely  removed  from  the  cynomorphs.    The  suggestion  of 
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various  authors,  especially  Pilgrim  (1915),  that  the  gibbons  and  their 
predecessors  stand  relatively  near  the  line  of  human  ascent  is  discussed 
below  (p.  363). 

Z05G£0GRAFH1C   relations   of   EintOPE,   ASIA,   AND   AFRICA,   DURING 
THE   EOCENE   AND   MIDDLE   TERTIARY   EPOCHS 

Before  taking  up  the  dentition  of  the  Miocene  and  Pliocene  anthro- 
poids it  may  be  well  to  consider  briefly  some  of  the  probable  zoogeo- 
graphic  relations  of  Europe,  North  Africa,  Western  Asia,  and  India, 
during  middle  and  later  Tertiary  ages,  as  described  especially  by 
Osbom  (1910),  Matthew  (1912),  and  Andrews  (1906). 

During  the  long  Eocene  epoch  numerous  genera  and  species  of  pri- 
mates flourished  in  central  Europe,  including  various  lemuroids  and 
tarsioids,  but  the  whole  catarrhine  division  of  the  primates  is  con- 
spicuous by  its  absence.  North  Africa  at  some  very  early  time  must 
have  been  connected  by  land  either  with  Europe  or  western  Asia,  for 
in  the  Lower  Oligocene  of  Egypt  we  find  various  mammals  that  are 
rather  closely  related  to  their  European  contemporaries  (e.g,,  primi- 
tive artiodactyls,  hyjenodont  carnivores,  etc.)  along  with  other  groups 
that  had  apparently  been  evolving  in  Africa  for  many  ages  (arsinoi- 
theres,  hyracoids,  etc.).  Among  these  are  the  catarrhine  primates, 
including  Paraptlkecus,  Propliofnlhecus,  M<eripithecus  and  probably 
Apidium.  Although  perhaps  remotely  related  to  the  Necrolemur-like 
tarsioids  of  the  Upper  Eocene  of  Europe,  these  Egyptian  primates 
represent  a  very  distinct  family,  not  known  from  any  other  region, 
and  probably  derived  from  some  early  Eocene  immigrants  from  Europe 
or  possibly  from  southern  Asia.  Fortunately  the  genera  named  above 
aflord  clues,  first  as  to  the  origin  of  the  whole  series  from  some  unknown 
genera  of  tarsioids,  and  secondly  as  to  the  divergence  of  the  cerco- 
pithecoid  and  anthropoid-man  stocks;  although  it  may  well  be  that 
there  were  other  genera  in  existence  at  that  time  which  would  sup- 
plement GUI  knowledge  of  the  more  precise  interrelationships  and 
detailed  stages  in  the  evolution  of  the  dentition. 

Europe,  North  Africa  and  Eastern  Asia  were  more  than  once  in 
contact  during  the  long  mid-Tertiary  ages;  for  we  find  such  faimas 
as  the  Hipparion  fauna  of  the  Miocene  spreading  over  this  immense 
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region  so  widely  that  it  is  often  impossible  to  be  sure  in  what  part 
of  the  range  a  particular  group  originated.  Hence  there  has  been 
some  doubt  whether  the  primitive  proboscideans,  for  example,  which 
are  found  along  with  the  above-named  primates  in  the  Lower  Oligo- 
cene  of  Egypt,  originated  in  North  Africa  or  in  western  Asia,  where 
somewhat  more  advanced  forms  are  found  in  the  succeeding  ages. 
The  proboscideans  may  have  reached  India  from  North  Africa  by 
way  of  Baluchistan,  where  successors  of  the  Egyptian  Paiceomaslodon 
have  been  reported  by  Pilgrim  and  by  Forster-Cooper  (1915,  pp.  409, 
410),  and  the  primitive  anthropoids  may  have  followed  the  same 
path.  On  the  other  hand  the  Indian  primates  about  to  be  described 
may  have  been  derived  from  some  Upper  Eocene  distribution  center 
other  than  North  Africa,  such  as  Burma,  where  a  characteristic 
Upper  Eocene  fauna  of  hoofed  mammals  has  lately  been  discovered 
(Pilgrim  and  Cotter,  1916).  At  any  rate  the  Middle  Miocene  beds 
of  the  Siwalik  Hills  in  northern  India  contain  teeth  and  fragments  of 
jaws  of  three  genera  and  four  species  of  anthropoid  apes,  described 
originally  by  Pilgrim  (1915),  which  are  of  the  greatest  importance 
in  the  problem  of  the  origin  of  the  modem  anthropoids  and  even  of 
man  himself. 

THE  MIOCENE  AND  PLIOCENE  ANTHROPOIDS  AND  THEIR   MODERN 

DESCENDANTS 

The  following  general  remarks  on  the  fossil  primates  of  India  are 
quoted  from  "Studies  on  the  evolution  of  the  primates"  (1916,  pp. 
285-286): 

"As  described  by  Lydekker  in  1886,  the  fossil  primates  of  India  included 
eztjnct  species  of  macaques,  baboons  and  semnopitheques,  and  two  anthro- 
poid apes  apparently  related  respectively  to  the  orang  and  the  chimpanzee. 
This  compoate  assemblage  of  genera  now  widely  separated  in  Africa  and 
Aaa  tended  to  confirm  the  faunal  kinship  of  these  continents  with  each 
other  and  with  Europe  during  the  later  Tertiary  and  inspired  the  hope 
that  eventually  the  Siwaliks  series  would  yield  important  evidence  on  the 
ori^  and  interrelationships  of  the  great  apes  and  man. 

"In  recent  years  the  Geolopcal  Survey  of  India  has  secured  more  of 
these  fragmentary  but  very  important  fossils,  which  have  lately  been 
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accurately  described  and  figured  by  Dr.  Guy  E.  Pilgrim  in  a  memoir 
entitled  'New  Siwaliks  Primates  and  their  bearing  on  the  question  of  the 
evolution  of  man  and  the  anthropoidea.' 

"According  to  Pilgrim  the  Primates  of  India  appear  first  in  the  Cbinjt 
zone  (Lower  Siwaliks)  which  is  regarded  as  of  Lower  Sarmatian  (Upper 
Miocene)  age;  they  extend  through  the  Nagri  and  Dhok  Pathan  zones 
(Middle  Siwaliks)  of  Pontian  or  Lower  Pliocene  age,  and  culminate  in  the 
uppwr  zones  of  the  Upper  Siwaliks  of  Upper  Pliocene  age. 

"All  belong  exclusively  to  the  catarrhine  or  Old  World  division  of  the 
suborder  Anthropoidea.  More  in  detail  the  Lower  Siwalik  series  (Chinji 
zone,  Upper  Miocene)  includes:  (a)  two  species  of  Dryopitkecus,  a  primitive 
genus  of  the  great  apes,  hitherto  known  only  in  the  Upper  Miocene  and 
Lower  Pliocene  of  Europe;  (b)  Palaosimia,  a  supposed  ancestor  of  the  orang, 
and  (c)  Sivapilkecus,  a  genus  regarded  by  Pilgrim  as  related  to  the  ancestors 
of  the  Hominidae. 

"The  Lower  Middle  Siwalik  series  (Nagri  zone,  f'Upper  Miocene)  includes 
a  gigantic  species  of  DryopUhecus  (D.  giganteus).  The  Upper  Middle 
Siwalik  series  (Dhok  Pathan  zone,  Lower  Pliocene)  includes  PalaopUhecus, 
an  anthropoid  which  was  regarded  by  Lydekker  as  closely  related  to  the 
gorilla  and  chimpanzee. 

"The  Upper  Siwaliks  (Upper  Pliocene)  include  an  orang  and  several 
spedes  of  macaques,  baboons,  and  semnopitheques. 

"Through  the  kindness  of  Dr.  Pilgrim  the  American  Museum  of  Natural 
History  has  secured  casts  of  the  principal  types  of  Siwalik  anthropoids 
and  these,  together  with  the  extremely  accurate  figures  given  in  Dr.  Pil- 
grim's memoir,  have  enabled  the  reviewer  to  make  careful  comparisons 
with  other  recent  and  fossil  anthropoids." 

As  the  Middle  Miocene  anthropoids  are  more  than  a  whole  geologi- 
cal epoch  later  than  the  Lower  Oligocene  apes  of  Egypt,  they  are 
naturally  far  advanced  in  structure  towards  their  modem  relatives 
and  descendants,  the  orangs,  chimpanzees,  gorillas  and  possibly  man. 
As  compared  with  Propliopithecus  they  are  already  "giant  apes," 
and  unlike  that  genus  none  of  them  seems  to  be  closely  related  either 
to  Pliopilhecus  or  to  the  modem  gibbons.  In  the  Upper  Miocene 
and  Pliocene  of  Europe  we  find  fragmentary  specimens  of  anthro- 
poids, some  of  which  {PliopiDiecus)  may  be  descended  from  the  Lower 
Oligocene  genus  Propliopithecus  of  North  Africa,  while  others  (Dryo- 
pitkecus) are  more  closely  related  to  the  anthropoids  of  India. 
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Palaosimia.  Of  the  Middle  Miocene  Indian  anthropoids,  Palao- 
simia  is  known  only  from  a  third  upper  molar  {fig.  242)  which,  as 
noted  by  Pilgrim,  shows  significant  agreement  with  that  of  the  orang, 
but  is  much  more  primitive  and  is  related  also  to  the  contemporary 
genus  Dryopilhecus.  The  following  is  quoted  from  "Studies  on  the 
evolution  of  the  primates"  (p.  287): 

"This  anthropoid  is  represented  only  by  the  third  upper  molar  of  the 
right  side.  As  observed  by  Pilgrim,  this  tooth  distinctly  foreshadows  that 
of  the  orang  in  its  general  pattern  and  in  the  characters  of  the  enamel 
folds  and  wrinkles,  the  differences  all  being  obviously  primitive  characters. 


p  (A)  Paiaotima,  wtTB  (B,  C) 

A. — Pakecfimia  rugosidens.  Upper  Miocene,  Lower  Siwaliks,  India.  Alter  Pilgriin. 
B,  C.—Simia  sulyriis.    Alter  Selenka. 

In  Palaosimia  the  third  upper  molar  is  of  relatively  primitive  form,  showing  affinitiet 
with  Dryopilhecus.  In  the  modem  orangs,  m*  is  variable  in  form  and  the  surface  it 
much  wrinkled. 

This  Specimen  comes  from  a  low  horizon  (Chinji  zone)  and  its  characters 
suggest  that  the  orang  line  had  even  at  that  time  become  rather  widely 
separated  from  the  forerunners  of  the  chimpanzee  and  gorilla.  Accordingly 
Dr.  Pilgrim  considers  Palaosimia  'as  branching  off  from  the  Dryopilhecus 
line  previous  to  the  chimpanzee  and  gorilla  and  passing  through  a  marginal 
hypothetical  species  of  Dryopilhecus'." 

The  orang-uian.  The  orang  line  is  represented  in  the  Upper  Plio- 
cene Stwalik  series  of  India  by  a  lower  jaw.  Thus  the  orangs  probably 
became  differentiated  in  the  lower  Miocene  from  the  primitive  giant 
ape  stock  in  the  region  of  northern  India,  but  during  later  times  were 
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pressed  southward  to  their  present  habitat  in  Borneo  and  Sumatra. 
During  the  vast  time  since  the  Miocene,  the  orangs  have  become  highly 
specialized  for  arboreal  life  and  for  feeding  upon  fruits  with  heavy 
rinds,  which  they  are  able  to  pierce  with  their  heavy  jaws  and  large 
front  teeth.  No  doubt  the  brain  and  braincase  have  also  increased 
in  size  during  the  same  period.     In  many  respects  they  have  become 


Fig.  243.  Head  OT  Bornean  Orang,  Ponio  [Simia)  pygmaiis.     jVttee  Elliot 

remarkably  specialized  and  highly  variable  in  structure.  They  are 
specialized  in  the  deepening  and  rounding  of  the  head  and  flattening 
of  the  face,  close  approximation  of  the  orbits,  extreme  concavity  of 
the  facial  profile,  excessive  wrinkling  of  the  enamel  on  the  molars,  etc. 
They  are  extremely  variable  in  the  contour  of  the  face,  degree  of 
prognathism,  form  of  dental  arches,  overbite,  and  other  characters 
noted  by  Selenka  (1898-1903),  EUiot  (1912),  and  HeUman  (1918). 
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^^^1                In  this  specimen  Ihe  upper  denial  arch  somewhat  resembles  Ihe  supposed  prehuman                        ^^H 

^^H          type.    The  excessive  wrinklins  of  Ihe  enamel  on  the  molars  is  weU  shoivn.                                       ^^H 
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Fio.  24,i.  Lower  Jaw  of  Oraso.     Pongo  (Simla)  sp.     X2/3 
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The  following  description  ol  the  jaws  and  dentition  of  the  orang  is 
quoted  from  "Studies  on  the  evolution  of  the  primates"  (p.  274): 

"As  in  all  other  anthropoids  the  massive  teeth,  jaws,  and  jaw-muscles 
are  specialized  for  a  frugivorous  diet,  the  orang  being  able  to  tear  open  the 
tough  rind  of  the  fruit  of  the  durian.  The  upper  molar  teeth  are  fully 
quadri tubercular  with  four-sided  rather  than  triangular  crowns.  The 
surface  of  the  crowns  is  low  and  flat  with  very  numerous  fine  wrinklings 
on  the  enamel — an  advanced  specialization.  The  protocones  or  anterior 
internal  cusps  are  only  faintly  connected  with  the  external  cusps,  the  para* 
and  metacones.  The  premolars  are  relatively  stouter  than  in  the  gibbon. 
The  stout  canines  are  highly  effective  in  opening  fruit  and  in  fighting. 
The  central  upper  incisors  are  very  broad  with  flattened  posterior  faces. 
The  long-crowned  incisors  and  canines,  as  seen  from  below,  form  an  evenly 
rounded  or  arched  series, 

"The  massive  deep  lower  jaw  has  a  wide  distal  end  and  a  broad,  high 
ascending  ramus;  the  condyle  is  raised  above  the  level  of  the  coronoid,  in 
correlation  with  the  forward  displacement  of  the  braincase  and  the  down- 
ward and  backward  displacement  of  the  muzzle.  The  lower  anterior 
premolar  is  stout  and  less  elongate  than  in  the  gibbon,  but  more  elongate 
than  in  the  chimpanzee.  Its  oblique  antero-extemal  slope  is  worn,  as 
in  other  anthropoids,  by  the  postero-intemal  face  of  the  upper  canine. 
Tile  posterior  lower  premolar  is  approaching  the  molar  pattern,  especially 
in  its  posterior  moiety.  The  lower  molars  have  five  cusps,  as  in  other 
anthropoids,  but  the  crowns  are  flatter  and  much  wrinkled.  The  opposite 
premolar-molar  series  diverge  sUghtly  in  front,  in  correlation  with  the 
widening  of  the  muzzle  and  wide  separation  of  the  opposite  canines  at 
this  point." 

Although  the  orang  skull  may  be  described  as  a  sort  of  caricature 
of  an  excessively  brachycephallc,  wide-faced  human  skull,  these  very 
superficial  resemblances,  mingled  with  many  primitive  characters 
common  to  the  anthropoid-man  stock,  have  never  deceived  com- 
petent students  of  the  subject,  who  have  always  recognized  that  of 
the  three  modem  giant  apes  the  orang  is  in  many  respects  the  furthest 
removed  from  man.  For  reasons  which  will  be  developed  later  it 
seems  highly  probable  that  the  orang  line  separated  from  the  giant 
ape-man  stock  before  its  subdivision  into  chimpanzee,  gorilla  and 
human  lines.    Nevertheless  the  orang  affords  some  interesting  par- 
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allels  to  human  conditions  in  the  variable  occlusal  relations  of  the 
upper  and  lower  incisors  (edge-to-edge  or  extreme  overbite)  and  in 
the  vide  variability  in  the  upper  and  lower  dental  arches  (Hellman, 
1918). 


Fig.  247  Sitapitkeeiis  indkus.    Reconstbuction  or  Lo«-er  Jaw,  Based  o 
Ttfe  AMD  Refzbszd  Sfxcdiens.    X  2/3 
Hypothetical  parts  in  broken  line 


326  WILLIAM   K.   GRZGOEY 

Sivapithectts  indicus.  In  my  "Studies  on  the  evolution  of  the 
primates"  (1916,  pp.  287-292)  this  interesting  form  was  discussed  as 
follows: 

"This  highly  important  genus  and  species  were  originally  estabti^ied  on 
a  third  right  lower  molar  (Pilgrim  1915,  pi.  1,  fig.  7)  from  the  Chinji  xook 
of  the  Lower  Siwaliks,  but  the  author  employs  as  a  neotj-pe  or  topotype 
(wrongly  called  "type")  a  specimen  from  the  same  locality  and  levd  con- 
sisting of  a  right  mandibular  ramus  (pi.  1,  fig,  7),  containing  in  eiiceUent 
preser\'ation  the  second  and  first  molars,  the  posterior  premolar  and  por- 
tions of  the  roots  or  alveoli  of  the  anterior  premolar  and  canine.  .\  sup- 
plementary series  from  a  later  horizon  (the  Nagri  horizon  of  the  Middle 
Siwaliks)  is  referred  by  the  author  to  the  same  species  and  consists  of: 
(a)  a  fragment  of  the  mandibular  symphysis  containing  the  left  canine  and 
parts  of  the  roots  and  alveoli  of  the  incisors  and  front  premolar;  (b)  a  front 
lower  premolar;  (c)  a  lower  third  molar.  An  upper  canine  from  the  Lower 
Siwaliks  of  Chinji  is  provisionally  referred  to  the  same  genus,  while  a 
fragment  of  the  right  maxilla  containing  the  much  worn  first  and  second 
molars  are  doubtfully  referred  to  this  genus, 

"After  an  exceedingly  detailed  study  of  these  precious  fragments  Dr. 
Pilgrim  has  attempted  a  preliminary  and  partly  hypothetical  restoration 
of  the  mandible  of  Sivapithecus  in  left  side  view  and  as  seen  from  above. 
The  reviewer  has  given  prolonged  consideration  to  this  restoration,  first 
with  reference  to  the  propriety  of  associating  the  scattered  fragments  in 
a  single  generic  concept  and  secondly  with  reference  to  the  placing  and 
orientation  of  the  various  parts.  While  the  generic  association  of  the  frag- 
ments seems  probable  the  reviewer  has  been  led  to  a  different  conception 
of  the  jaw  as  a  whole 

"This  anthropoid  shows  a  rounding  and  broadening  of  the  molar  crowns, 
which  in  these  particulars  foreshadow  the  human  type,  although  the  first 
and  second  molars  are  more  primitive  and  less  widened  than  in  man.  The 
molar  crowns  present  a  widened  modification  of  the  'Dryopithecus  pattern', 
described  below,  a  pattern  which  is  further  obscured  in  man;  the  posterior 
premolar  is  bicuspid,  and  foreshadows  the  human  type.  Although  the 
lower  border  of  the  mandible  is  not  preserved,  enough  remains  to  show  that 
the  mandible  was  deep  and  massive,  as  it  was  in  all  early  anthropoids  and 
man.  The  ascending  ramus  was  undoubtedly  wide,  as  indicated  by  the 
forward  extension  of  its  lower  outer  ridge  and  by  the  massive  character 
of  the  mandible. 
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"One  of  the  most  noteworthy  human  characteristics  of  Stvafnthecus  is 
the  remarkable  agreement  in  the  breadth  indices  of  all  the  lower  cheek 
teeth  as  given  by  Dr.  Pilgrim  as  follows: 


sivAPriiEcns 

»AH 

nu. 

93.7 
94.6 
92.1 
llfi.5 
110.1 

m. 

"The  premolars  also  approach  the  human  type  in  fundamental  pattern. 

"By  far  the  most  unhuman  features  of  the  Sivapithecus  jaw  are  the  ape- 
like canine  and  front  premolar.  Those  investigators  who  do  not  accept 
as  a  fact  the  frequent  reversal  of  evolutionary  tendencies,  who  expect 
very  remote  ancestors  to  foreshadow  all  the  characters  of  their  specialized 
descendants,  and  who,  not  finding  such  ancestors,  make  every  group 
indefinitely  polyphyletic  and  push  all  phyletic  lines  backward  as  nearly 
parallel  lines  meeting  only  at  excessively  remote  periods,  will  undoubtedly 
see  in  the  ape-like  canines  and  front  premolars  of  Sivapithecus  an  almost 
insuperable  objection  to  dose  kinship  with  man.  They  will  regard  this  genus 
as  merely  an  extremely  brachycephalic  offshoot  of  the  Propliopilhecus-Dryo- 
pithecKS  group  with  no  special  affinity  to  the  HominidEc.  At  the  other 
extreme,  Pilgrim  would  remove  it  very  far  from  all  the  Simiidse  and  place 
it  in  or  near  the  ancestral  line  of  the  Hominida;,  finding  the  common  stem 
of  SimiidEE  and  Hominidie  only  in  a  remote  and  unknown  Eocene  common 
Stock. 

"The  presence  of  ape-like  canines  and  front  lower  premolars  does  not 
in  itself  necessarily  exclude  Sivafnlhecus  from  kinship  with  man,  but  rather, 
as  Dr.  Pilgrim  thinks,  it  may  well  be  a  character  which  should  perhaps  be 
expected  in  a  mid-Tertiary  human  precursor.  However,  even  if  it  should 
be  thoroughly  established  that  Sivapithecus  is  directly  ancestral  to  the 
Hominidx,  this  would  not,  in  the  reviewer's  opinion,  warrant  its  removal  - 
from  the  Simiidse  to  the  Hominidie,  unless  it  could  be  shown  that  in  the 
totality  of  its  skeletal  characters  the  genus  was  more  manlike  than  ape-like." 

Dryopithectis.  This  genus,  including  three  species  from  the  Mio- 
cene of  India  and  three  from  the  Upper  Miocene  and  Pliocene  of 
Europe,  was  discussed  as  follows  in  "Studies  on  the  evolution  of  the 
primates"  (1916,  pp.  293-298): 
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"The  genus  Dryopithecus  was  formerly  known  only  in  the  Upper  Miocene 
and  Pliocene  of  Eurc^.  Several  lower  jaws  with  teeth  have  been  described 
by  Lartet,  Gaudiy,  Branco,  Harle,  A.  S.  Woodward.  Isolated  tower 
molars  have  been  described  by  Branco,  Abel,  Schlosser  and  others.  A 
couple  of  upper  molars  have  been  figured  by  Branco.  The  Indian  material 
referred  to  this  genus  by  Pilgrim  is  of  similar  fragmentary  character,  but 
is  of  great  importance  not  only  in  further  emphasizing  the  faunal  affinities 
of  the  Siwalik  series  with  the  Upper  Tertiary  of  Europe,  but  also  in  its 
bearing  on  the  phyl<^ny  of  the  anthropoids. 

"The  pattern  of  the  lower  molars  of  Dryo/nlhecus  may  be  broadly 
described  as  follows:  There  are  five  main  cusps,  three  of  which  (protoconid, 
hypoconid,  mesoconid)  are  on  the  external  side  of  the  crown  and  two 
(metaconid,  entoconid)  on  the  internal  side.  The  metaconid,  which  is 
the  highest  cusp,  is  directly  internal  to  the  protoconid;  the  hypoconid  is 
opposite  the  valley  between  the  metaconid  and  the  entoconid;  the  meso- 
conid (or  h>'poconulid)  is  on  or  near  the  postero- median  border  of  'the 
tooth,  behind  the  hypoconid  and  entoconid.  The  external  basal  dngulum 
is  more  or  less  reduced  but  sometimes  persists  opposite  the  posterior  part 
of  the  protoconid.  In  front  of  the  protoconid  and  metaconid  is  a  remnant 
of  an  earlier  trigonid  basin  in  the  form  of  a  transverse  valley;  into  this 
depression  fitted  the  h>pocone  of  an  upper  molar.  At  the  back  of  the 
tooth  there  is  a  ver>'  thick  cingulum  which  sometimes  is  confiuent  nith 
the  mesoconid  (hypoconulid).  The  surface  of  the  lower  molar  crown  is 
likewise  characterized  by  the  arrangement  of  certain  furrows;  the  h\-poconid 
is  limited  anteriorly  and  posteriorly  by  two  deep  transverse  furrows  which 
converge  inlo  a  prominent  inverted  V  (A),  the  narrow  end  of  which  is  at 
the  center  of  the  crown.  From  the  narrow  end  and  sides  of  this  truncated 
\',  other  fm'rows  radiate  as  follows:  (a)  an  anterior  central  furrow  between 
the  protoconid  and  metaconid,  (b)  a  posterior  central  furrow  between  the 
mesoconid  and  entoconid,  and  (c)  one  or  two  internal  furrows  between  the 
metaconid  and  entoconid. 

"This  general  pattern  is  not  only  characteristic  of  all  species  of  Dryo- 
pithecus both  European  and  Indian,  but  also  of  the  new  genus  Sivajfitkecus, 
which  Dr.  Pilgrim  regards  as  ancestral  to  Homo  sapiens.  The  Dryofnikecus 
lower  molar  without  doubt  also  reveals  the  fundamental  ancestral  pattern 
in  the  orang,  gorilla,  chimpanzee  and  even  man,  but  it  is  more  or  less  masked 
in  each  of  these  genera  by  secondary  modifications.  Judging  from  many 
analogies  in  other  mammalian  groups  the  Z>ryo/>j//(«ws-pattem  was  ulti- 
mately derived,  I  believe,  from  the  very  primitive  pattern  exhibited  in 
the  genus  ParapUhecus  Schlosser  from  the  Lower  Oligocene  of  Eg>-pt; 
which  is  also  structurally  ancestral  to  the  PropliopUhecus-^hhaa  series. 
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"Although  this  conception  of  the  morphology  and  relationships  ot  the 
Dryopitkecus  molar  is  based  upon  the  specimens  figured  by  Gaudry,  Schlos- 
ser,  Abel,  Branco,  Harl^,  Pilgrim  and  others,  none  of  these  authors  should 
be  considered  as  responsible  for  the  present  interpretation  and  formulation 
of  the  facts, 

"Difficulty  has  been  caused  by  the  shifting  relations  of  the  hypoconulid 
("mesoconid")  to  the  mid-line  in  Dryopitkecus  and  other  primates.    Branco 


Fia.  248.  CouPAKisoN  o 


r  Parapilhtcus,  Proptiepithtcy 
X3y2 


,  PUopitktcut 


r  Lower  Teeth  o 
DryopUktci 

A. — Parapilhtcus  fraaii.     Lower  01  igocene,  FayOm,  Egypt. 
B. — Prepliopilktcus  kaecbcli.     Lower  Oligocene,  Fayllm,  Egypt. 
C. — Pliopilhecus  antiquus.    Lower  Pliocene,  Europe.    Oblique  view.    After  Abel. 
D",  D", — Dryopithuus  fotUani.    Upper  Miocene,  Spain.    Alier  Sraiih  Woodward. 
D",  outer  »de;  D",  crown  view. 

Schlosser,  Abet,  and  Pilgrim  seem  to  have  assumed  that  the  primitive 
portion  of  the  hypoconulid  is  on  the  outer  side  of  the  crown  in  line  with  the 
protoconid  and  hypoconid  and  they  speak  frequently  of  an  'inward  dis- 
placement of  the  mesoconid.'  But  a  central  position  of  this  cusp  is  the 
primitive  condition  in  many  mammalian  groups.  It  is  seen  in  the  Lower 
Eocene  AnaptomorphidEc,  it  persists  in  the  oldest  known  anthropoids, 
PropliopUhecus  and  Parapitkecus  from  the  Lower  Oligocene  of  Egypt,  and 
continues  into  the  Pltopithecus-pbhon  line.     Its  position  is  variable  in 
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Dry^pkiams,  -mhtzt  it  u  occa^ocaCy  sxxk  <k  I^  ifr-pfaopd  towud  the 
Miter  skle  aa  ii  U  rvjtc  of  !c^  i::  ihe  onzz.  rtrimpangg.  gacOIa.  and  Eaam- 
tlwapus.  In  aG  zoiCTa  it  U  nx>cc  ccnual  in  tfae  amsaranve  first  lower 
molar  tlian  ia  the  nuxe  protcre^vc  secool  asd  tltird.  It  strikes  bdiiad 
tbe  tnscr  port  <A  the  memrjce  arid  exumally  ui  tfae  kjpooxic  <rf  the  upper 
mcdars.  In  tbe  ir.tik  uerh  it  15  oftcs  more  or  ics  cencial  in  poatioo.  In 
Saapitkeat-t  it  i=  ic;tcTTnedia:e  in  pioddtxi.  socoewiiat  further  inward  than 
in  Abel's  '•/asja.ii  t^'pe'  01  DryopUlKCus  fonLini.  In  man  it  is  usnallv  more 
ffK***?"  in  poiitios.  especially  in  m:,  bat  is  occasHnalty  somewhat  dis- 
fdaced  to  the  outer  side.  The  median  poation  ol  the  hypoconulid  in  man 
may  be  rither  a  primitive  or  a  secondaiy  character.  The  frequent  dis- 
a^ipearance  of  the  h>'poconulid  0:1  the  second  and  third  molar  in  man  is 


Fic.  249.  CoHPAKisov  or  the  Lett  Lo«-eb  Tkixd  Moiab  or  (A)  Drya^ktcus  MnjimsU, 

(Bj  D.puiijiaUus,K>!0(C)  CcrilhsF.     X  3/2 

A  and  B  after  Hlgrim 

correlated  with  the  rounding  of  the  whole  molar  crown  and  with  the  rotary 
action  of  the  lower  jaw. 

"Dryopitkecus  chinjiensts  Pilgrim.  The  type  con^sts  of  an  isolated  third 
lower  molar  from  the  Chinji  horizon  of  the  Lower  Siwaliks.  The  author 
assigns  this  tooth  to  the  genus  Dryopitkecus  with  some  doubt;  but  that  is 
evidently  only  because  nowadays  'genera'  are  about  equivalent  to  the 
old-fashioned  'good  species.'  The  author's  excellent  figure  of  the  type 
clearly  reveals  the  generic  pattern  as  described  above  and  the  differences 
between  this  tooth  and  those  referred  to  D.  fontani  of  Europe  are  no  greater 
than  the  differences  between  the  latter  and  the  type  of  D.  danvini.  The 
author  suggests  that  'D.  ckinjiensis  ....  might  indeed  even  be 
the  direct  ancestor  of  the  gorilla,'  and  a  careful  comparison  of  the  figures 
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of  tlie  first  and  third  lower  molars  (the  only  ones  known)  reveals  striking 
fundamental  resemblances  to  the  corresponding  teeth  of  the  gorilla,  the 
differences  being  all  apparently  primitive  characters. 

"DryopUhecus  punjabicus  Pilgrim.  The  specimens  referred  to  this  species 
arc  believed  to  have  come  from  the  smnmit  of  the  Chinji  zone  (Lower 
Siwaliks)  and  from  the  lower  part  of  the  Nagri  zone  (Middle  Siwaliks). 
The  type  consists  of  parts  of  the  mandible  containing  the  third  right  lower 
molar  and  the  second  left  lower  molar.  The  third  lower  molar  shows  all 
the  generic  characters  above  noted;  its  specific  characters  need  not  be 
considered  here,  except  to  note  that  it  is  elongate,  tapering  posteriorly, 
with  low  cusps,  and  with  the  internal  margin  broken  up  into  numerous 
small  cusps  by  sharp  transverse  furrows.  It  is  more  primitive  than  the 
third  lower  molar  of  the  chimpanzee  and  it  also  suggests  the  contour  of 
the  third  lower  molar  of  the  gorilla.    The  second  lower  molar  is  elongate, 


Fig.  250.  Coiipabison  of  i 
punjabicui 


re  Left  Lower  Second  Molar  < 
(A)  Orang,  and  (C)  Gorilla.     X  3 
B  after  Pilgrim 


narrow  posteriorly,  and  has  an  accessory  cusp  behind  the  metaconid. 
(Apparent  vestiges  of  this  cusp  appear  in  certain  chimpanzees.) 

"The  author  refers  to  this  species  a  specimen  from  the  Nagri  horizon  of 
the  Simla  Hills,  which  is  highly  important,  since  it  is  a  maxilla  containing 
both  premolars  and  the  first  and  second  molars  in  excellent  preservation. 
The  author  observes  that  in  comparison  with  the  upper  molars  of  the 
Eurof)ean  species  of  Dryopithecus  (as  figured  by  Branco  and  by  Schlosser) 
the  Indian  specimens  agree  so  closely,  apart  from  minute  differences,  as 
to  make  it  fairly  certain  that  they  belong  to  the  same  genus.  The  author 
refers  it  to  D.  punjabicus  on  account  of  the  'remarkable  analogy  in  structure 
and  ornamentation  of  these  molars  and  those  of  the  Chinji  mandible' 
(type),  special  points  of  resemblance  being  the  serration  of  the  outer  edge 
of  the  tooth,  the  lowness  of  the  cusps  and  the  complex  character  of  the 
enamel  folding.  To  the  reviewer  these  upper  teeth,  as  well  as  the  isolated 
ones  figured  in  PI.  2,  figs.  4,  5,  hear  also  a  highly  significant  resemblance 


:  'ii:rJi  -je  j^rila  inii  '.Jit  rnusvtci^x.  sue  only  in  the  gcnoal 

^M.-sj  t^.^uanz  Pu!C±ii.  T!iis  s:«des  comer  Cnxn  a  bi^ier 
■rj  -■"»-  -^e  ^cumiiir?  ^ervcex'  la  Liiwcr  and  Mu&ilc  Shnliks, 
z^-  -^  liie  Xtni  iccatn  i  'lie  >Cdifle  Sraa&kii.  The  t^pe 
-■rT^i  scedmtfT  is?  i  'Jnri  "arrr:  j:wer  Tiouir.  wfakh  b  not  oolv 


.'^^ 


E  Tscts  o«    A'.  Ai>   DriapiUmxs 
.ooj    B^  B"    Go«tiX.\-     X  I 
A-.  A'.  After  HIsrinr 

much  larger  than  that  iK  any  other  species  ot~  the  genus  but  also  larger 
than  chat  of  the  chimpanzee,  in  which  this  tooth  is  more  or  less  retro- 
zrt?si\x.  To  the  reviewer  this  tooth  is  curioush'  suggestive  o(  the 
ci^rresponding  tooth  in  certain  chimpanzees,  especially  in  the  gcnoal 
pattern,  course  o(  all  tunows.  character  and  positioa  of  the  wrinkles,  the 
mo^t  important  difference  being  the  greater  aze  and  the  fact  that  in  the 
modem  genus  the  posterior  part  ot  the  tooth  is  usually  narrower.    D. 
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giganl^us  therefore  appears  to  be  rather  closely  allied  to  the  ancestors  of 
the  chimpanzee.  The  wide  range  in  size  in  the  species  of  Dryopithecus 
is  noteworthy, 

"Dryopithecus  darmni  Abel.  This  species,  from  the  Upper  Miocene  of 
the  Vienna  basin,  is  known  only  from  the  type,  a  third  left  lower  molar. 

"From  the  writings  and  illustrations  of  Professor  Abel  (1902,  p.  34)  and 
Dr.  Pilgrim  {1915,  pp.  15,  70)  we  learn  that  the  third  lower  molar  of  this 
spedes  has  the  following  characters:  both  in  length  (13.5)  and  breadth 
(11.8)  it  exceeds  the  other  European  sp)ecies  of  the  genus  and  also  D. 
punjabicus,  but*is  considerably  smaller  than  D.  chinjiensis  and  much  smaller 
than  D.  gtganieus  (length  19.1,  breadth  15.3).  Its  breadth-index  exceeds 
that  of  allied  species  and  equals  that  of  the  orang.    The  crown  is  low  and 


Fio.  253.  CouPAKisoN  or  Right  Lowes  Third  Molak  of  (A)  Dryopilhctus  rhtnanus, 

(B)  D.  gigantcu!,  and  (C)  Chimpanzkb.     X  3/2 

A,  from  a  cast  of  a  specimen  figured  by  Branco;  B,  from  a  cost  of  the  type 


the  anterior  moiety  is  much  wider  than  the  posterior  one.  The  protoconid 
b  very  large  and  the  hypoconid  narrow.  There  is  a  massive  external 
cingulum  which  is  arranged  almost  precisely  as  in  Pliopithecus  anliquus. 
The  enamel  folds  and  wrinkles  are  more  numerous  and  stronger  than  in 
the  other  European  species  and  the  deep  furrows  that  form  the  character- 
istic Dryopiihecus-^sXiun  fork  at  the  ends.  The  inner  side  of  the  crown 
bears  an  accessory  transverse  furrow,  as  in  D.  punjabicus,  D.  rkenanus, 
and  Homo.  The  hypoconulid  ('mesoconld')  is  placed  further  in  toward 
the  center  of  the  crown  than  in  D.Jontani. 

"D.  Darwini  is  undoubtedly  widely  different  from  Abel's  'second  type' 
of  D.  fottiani,  in  which  njj  is  elongate  with  a  weak  cingulum  and  externally 
placed  hypoconulid;  but  it  approaches  Abel's  'first  type'  of  D.  fontani, 
which  is  a  wider  tooth,  with  inwardly  placed  hypoconulid. 
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"From  D.  rhenanus  the  specks  under  conadoatioQ  is  disdnguished  by 
its  greater  breadth,  man  wrinkkd  crown,  more  central  1^-pocooiiIid. 
Fran  two  of  tbe  Indian  species,  D.  gigantetis  and  D.  cMiMJiatsis,  it  is  readily 
distinguished,  but  it  is  less  distinct  from  D.  fninjabkiu,  to  wfaich  it  may 
be  allied.  Tbe  strong  basal  dngulum,  as  noted  by  Abd,  seems  to  be  a 
primitive  character  derived  f rcnn  I^iopithecus-hke  ancestors. 

"Professor  Abel  also  notes  that  this  tooth  in  its  wboie  ajqiearance  and 
size,  and  in  the  arrangement  and  abundant  blanching  of  the  furrows, 
approaches  the  men  of  Ki^ina;  it  diffeis,  boive^'er,  in  tbe  narrowness  of 
the  posterior  in(»ety  of  the  crown — a  primitive  character. 

"Dryoptthtcus  fotUani  Lartet.  This  spedes  (Jig.  248)  is  known  chiefiy 
from  several  lower  jaws  which  have  been  figured  by  Lartet,  Gaudry,  Hari6, 


Fig  233.  Cohpakisono'theLeftLohxbThiko  Molabov  (A)  DryopUkaus  rkauiuis, 
(B)  D.  daneini,  (C)  Stkandloofeb  Bushua-v,  (D)  Okakc.     All  X  3/2 
A  and  B  from  photographs  by  AbeL    Note  the  secoadazy  furram  between  the  met^ 
eonid  and  the  entoconid. 


Smith  Woodward,  and  others.  .\bel  (1902,  p.  $$)  has  distinguished  two 
types  of  this  Upper  Miocene  age  of  France  and  Spain.  In  the  first  type 
the  molars  are  a  little  wider  than  long,  the  hypoconulid  is  more  central 
and  posterior  in  position.  In  the  second  type  the  molars  are  considerably 
longer  than  broad  and  the  hypoconulid  is  more  external  in  position,  almost 
as  much  as  the  hypoconid  and  protoconid.  Both  types  have  a  weak  basal 
cingulum  on  the  front  and  outer  sides, 

"The  third  lower  molar  is  a  Uttle  smaller  than  in  D.  punjabictu  which, 
according  to  PUgrim  (1915,  pp.  14,  15),  is  distinguished  further  by  minor 
details  such  as  the  absence  of  fine  wrinkles  and  the  absence  of  a  serrated 
margin  on  the  metaconid  and  entoconid.  From  D.  chinjiensis  and  D, 
fflganUus  the  species  under  consideraUon  is  distinguished  by  its  smaller 
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size.  The  lower  cheek  teeth  of  Z>.  fonlani  are  of  primitive  anthropcnd 
type  of  relatively  small  size,  with  few  vrrinkies,  with  considerable  remnants 
of  the  external  cingulum  and  a  relatively  short  first  molar. 

"The  jaw  of  D.  fonlani  is  of  great  interest  on  account  of  its  relatively 
primitve  character.  The  massive  horizontal  ramus  is  shorter  than  that 
of  the  gorilla,  which  is  secondarily  elongated.  The  region  of  the  swollen 
symphysis  is  of  generalized  anthropoid  type,  as  shown  in  Dr.  Smith  Wood- 
ward's comparative  cross  sections  (1914,  p.  317).    D.  jonlani  is,  in  no 


Fig.  254.  Dryoptlhecus  Joulani     Lower  Jaw     X  2  J     after  Branca 

sense,  a  collateral  ancestor  of  the  gorilla,  but  perhaps  not  the  direct  ancestor, 
which  may  well  be  D.  chinjiensis  of  India.  In  most  characters  it  is  inter- 
mediate between  the  far  older  PropliopHkecus  of  the  FayOm  and  the  modem 
gorilla. 

"The  varied  relative  lengths  of  the  third  lower  molar  in  the  anthropoids 
and  man  have  led  Dr.  Pilgrim  to  exclude  forms  with  a  short  mj  from  ances- 
tral relations  with  those  with  a  long  mt-  The  third  lower  molar  in  Proplio- 
piikecus  is  relatively  and  absolutely  short.  According  to  Pilgrim  (1915, 
p.  72)  the  ratio  of  length  of  mi  to  that  of  mi  in  this  genus  is  only  96.4  as 
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compared  with  110.1  in  Pliopilkecus,  in  which  the  third  molar  is  relatively 
very  long.  In  the  gibbons,  mg  is  extremely  short  (80-88);  ia  DryopUkecus 
fontani  it  is  relatively  much  longer  than  in  PropliopUhecus,  but  only  slightly 
longer  than  in  the  gorilla  (101.2)  and  considerably  longer  than  in  the 
chimpanzee. 

"Perhaps  the  majority  of  paleontologists  of  the  present  time,  who 
believe  in  orthogenesis,  the  irreversibility  of  evolution  and  the  polyphyletic 
origin  of  families,  will  assume  that  a  short  molar  must  keep  on  getting 
shorter,  that  it  can  never  get  longer  and  then  again  grow  relatively  shorter, 
and  therefore  that  PropliopUhecus  with  its  extremely  short  third  molar 
and  Dryopilhecus  with  its  long  ma  are  alike  excluded  from  the  ancestry  of 
the  gorilla,  in  which  there  is  a  slight  retrogression  in  length  of  m».  After 
many  years  of  reflection  and  constant  study  of  the  evolution  of  the  verte- 
brates, however,  I  conclude  that  'orthogenesis'  should  mean  solely  that 
structures  and  races  evolve  in  a  certain  direction,  or  toward  a  certain  goal, 
only  until  the  direction  of  evolution  shifts  toward  some  other  goal.  I 
believe  that  the  'irreversibility  of  evolution'  means  only  that  past  changes 
irreversibly  limit  and  condition  future  possibilities,  and  that,  as  a  matter, 
of  experience,  if  an  organ  is  once  lost  the  same  (homogenous)  organ  can 
never  be  regained,  although  nature  is  fertile  in  substituting  imitations. 
But  this  does  not  mean,  in  my  judgment,  that  if  one  tooth  is  smaller  than 
its  fellows  it  will  in  all  cases  continue  to  grow  smaller.  Frequently  this 
is  the  case,  but  sometimes  a  relatively  small  member  of  a  series  will  enjoy 
a  secondary  increase  in  size,  or  a  relatively  narrow  structure  will  widen. 
Finally  I  believe  that  'the  polyphyletic  origin  of  families'  is  to  some  extent 
a  contradiction  of  terms;  for  if  the  families  are  of  widely  diverse  or  con- 
vergent origin  then  they  are  not  natural.  On  the  contrary  natural  families 
perhaps  usually  arise  from  a  single  genus  or  from  closely  aUied  genera. 

"Hence  I  know  no  proved  general  principles  which  forbid  us  to  believe 
that  the  last  lower  molar  of  anthropoids  has  always  been  rather  variable 
in  relative  size;  that  it  was  at  first  small,  but  became  larger  and  lengthened 
in  PHopithecus  and  Dryopilhecus,  becoming  a  little  shorter  in  the  gorilla, 
much  shorter  in  the  chimpanzee  and  excessively  short  in  the  gibbon. 

"In  the  last  named  genus  the  sabre-like  enlargement  of  the  canines  has 
thrown  more  work  upon  the  masseter  muscles  and  upon  the  malar  bone 
and  less  upon  the  temporals.  This  may  be  associated  with  the  retrogressive 
character  of  m^.  In  the  gorilla,  on  the  contrary,  although  the  masseters 
are  large  the  temporals  are  of  enormous  size  and  hence  the  third  lower 
molar  is  also  large.  In  the  chimpanzee  the  temporab  are  relatively  smaller 
than  in  the  gorilla  and  so  also  is  the  third  molar.    In  map  the  temporals 
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are  relatively  small  but  the  whole  tooth  now  is  so  short  that  the  large  mas- 
seters  still  exert  a  strong  and  less  oblique  pressure  upon  the  third  molars 
which  are  consequently  still  of  fair  size,  although  the  first  molars,  which 
are  in  the  position  of  greatest  vertical  pressure,  have  now  become  dominant. 

"From  these  and  similar  considerations  I  should  expect  that  in  Proplio- 
pUhecus,  from  the  small  size  of  nt),  the  temporals  would  be  relatively  small, 
while  from  the  vertical  position  of  the  canine  and  massive  horizontal  ramus 
the  masseters  ought  to  be  powerful.  In  Dryofnlhecus  fontani  the  temporal 
muscles  would  be  only  less  developed  than  those  of  the  gorilla,  while  the 
masdve  symphysis  and  deep  horizontal  ramus  indicate  that  the  masseters 
also  were  powerful. 

"In  conclusion  I  am  unable  to  accept  Dr.  Pilgrim's  view  {op.  cit.,  pi.  4) 
that  the  gorilla  and  chimpanzee  have  been  derived  from  none  of  the  six 
known  Indian  and  European  species  of  Dryopitkecus  but  trace  their  origin 
on  separate  parallel  lines  to  an  unknown  proto-anthropoid  stock  that  lived 
somewhere  far  back  in  the  Lower  Miocene.  Such  a  view  may  possibly 
prove  to  be  true;  but  before  assuming  it,  what  characters  definitely  exclude 
D.  ckinjiensis,  D.  punjabicus,  and  D.  fontani  from  at  least  very  close  kinship 
with  the  true  ancestors  of  both  the  gorilla  and  the  chimpanzee?  While 
differences  between  the  Miocene  and  modern  genera  are  striking,  my  diffi- 
culty in  fact  is  to  find  provedly  aberrant  characters  which  will  definitely 
and  positively  exclude  these  forms  from  such  ancestry.  According  to  Dr. 
Pilgrim  the  deft  between  gorilla  and  chimpanzee  is  so  great  that  the  latter 
is  very  widely  removed  from  the  known  species  of  DryopUhecus  in  the 
Upper  Miocene  of  India.  But  to  me,  after  comparing  repeatedly  the 
Indian  types  with  the  gorilla  and  chimp}anzee,  the  evidences  at  least  of 
close  kinship  are  of  the  most  convincing  character.  According  to  this 
view  the  European  D.  fonlant  may  even  be  directly  intermediate  between 
the  Asiatic  types  on  the  one  hand  and  the  modern  African  gorilla  on  the 
other;  while  the  allied  D.  rhenanus  may  stand  nearer  to  the  direct  ancestors 
of  the  chimpanzee. 

"Dryopithtcus  rhenanus  (Pohlig).  While  D.  fontani  is  of  Upper  Miocene 
age,  D.  rhenanus  comes  from  the  Lower  Pliocene  (Swabian  Bohnerz).  It 
is  represented  chiefly  by  two  upper  molars  and  a  number  of  lower  molars, 
from  the  Swabian  Alps,  which  have  been  very  carefully  figured  by  Branco 
(1898,  Taf.  I,  II).  According  to  Abel  (1902,  p.  2)  the  real  type  of  the 
spedes  is  a  femur  from  the  sands  of  Eppelsheim,  described  by  Pohlig  (1895) 
as  Pttidopithex  rhenanus  and  by  Dubois  (1897)  as  PUohylobaUs  eppdsheimen- 
sis.  These  were  later  referred  by  Schlosser  (1902),  along  with  the  upper 
and  lower  molars,  to  the  genus  DryopUhecus.    Abel  defines  the  species 


338 


wnxiAM  E.  GKECOBT 


as  follows:  Mtdars  longer  than  broad  (except  tbe  lower  mi),  the  hypocoDulid 
placed  well  in  toward  the  center.  Basal  dngulum  as  a  rule  not  present, 
except  on  the  last  lower  deciduous  molar. 

"The  tiigooid  basin  is  represented  by  a  tians\'ersdy  o\'al  jnt  (fovea 
anterior)  at  the  frout  end  of  the  crown,  while  a  dmilaT  pit  (fo%'ea  posterior) 
at  the  hinder  end  lies  between  the  remnant  of  the  posterior  dngulum  and 
the  ridge  connecting  the  entoconid  and  the  hj-poctmulid.  This  ridge  is 
quite  pr<nninent  in  this  species  and  in  D.  gigaiUeus,  but  not  in  other  species. 

"The  upper  molars  are  quadritubercular  with  strong  folds  and  wrinkles. 
They  are  distinguished  from  the  uf^r  molars  rderred  to  Dryopiltiecus 
punjabicus  by  the  following  characters  obser\'ed  by  Pilgrim  (1915,  p.  20). 
In  the  Indian  species,  'the  breadth  index  of  the  molars  is  greater.  The 
cu^  are  probably  lower.  The  outer  dngulum  is  less  clear.  .  .  .  The 
furrows  on  the  outer  cusps,  cross  the  edge  of  the  tooth,  and  so  produce  in 


Fic.  255.  CouPAKisos'  of  Lett  Uppkb  Moiaks.    X  3/2 


A.~CripkopUkaui  suessi,  m',    Mta  AbeL 

h.—Dryopithaui  punjabkiu,  m'.     Aflei  Pilgrim. 

C — DrjopithteMt  Thtnanits,  m'.     From  a  cast  of  a  specimen  figuicd  by  Bianco. 

D. — Chimpanzee,  m'.    .\mer.  Mus.  Nat.  Hist.,  no.  35,550. 

E.— Orang,  m'.    Amer.  Mus.  N'at.  Hist.,  no.  35,549. 

ade-view  a  serrated  appearance,  which  seems  to  be  absent  from  Dryopitk- 
ecus  rkatanus.'  The  patterns  of  both  the  upper  and  the  lower  molars 
of  Dryopiihecus  rkenanus  approach  those  of  the  chimpanzee  in  many 
characters,  except  that  in  the  latter  the  molar  crowns  are  more  rounded, 
less  quadrangular;  and  the  third  molars  are  often  rounded  and  more  degen- 
erate in  form.  D.  rhenanus  may  therefore  represent  a  dosely  related  if 
not  directly  ancestral  phylum  leading  to  the  Pleistocene  and  recent 
chimpanzees." 


Studies  on  the  evolution  of  the  primates," 


Neopiihecus.     (From 
1916,  pp.  310-311.) 

"Dr.  Schlosser  (1902,  p.  266)  suggests  that  the  age  of  this  specimen 
may  possibly  be  Upper  Pliocene.  This  genus  and  species  is  represented 
by  a  third  lower  molar  from  the  Swabian  Bobnerz.    It  is  smaller  than  any 


EVOLUTION  OF  THE  HUMAN   DENTITION  339 

Species  of  Dryopithecus  and  is  distinguished  from  all  other  anthropoids  by 
its  narrowness,  the  breadth  index  being  only  75.7,  while  in  Dryopithecus 
the  index  ranges  from  80.1  to  87.4  (Pilgrim).  Gaudry  suggested  that  it 
was  a  last  lower  milk  molar  but  this  view  was  vigorously  combatted  by 
Schlosser  (1901,  p.  162),  who  states  that  a  milk  molar  may  always  be  recog- 
nized by  its  strongly  divergent  roots  which  afford  space  for  the  replacing 
tooth  beneath  it,  and  by  its  thin  enamel,  the  opposite  characters  being 
shown  in  the  molar  under  consideration.  Schlosser  notes  that  this  tooth 
has  the  characters  of  a  permanent  ma,  that  the  posterior  root  is  compressed 
and  prolonged  backward,  while  the  median  posterior  cusp  (hypoconulid) 
is  unusually  large  and  forms  a  third  lobe.  In  the  li\ing  anthropoids  and 
in  man  this  strong  development  of  the  posterior  cusp  of  mj  is  no  longer 
evident,  but  as  it  is  found  in  almost  all  of  the  more  ancient  mammals  and 
is  present  in  PUopithecus,  the  ancestor  of  the  gibbons,  its  presence  in  a 
fossil  anthropoid,  says  Schlosser,  is  nat  surprising. 


Fig.  2M.  Coupakison  of  Lower  Thihd  Molars  of  (A)  Ntopithtcus  brancoi  and  Cb) 
DryopUliecus  rhtnanus 

A.— Lower  third  molar  of  Neepilhecus  {Anlkrofodus)  braneoi  Schlosser.  X  3..7, 
Drawn  from  a  reversed  image  of  a  cast  of  the  type,  which  is  a  third  left  lotver  molar. 

B. — Third  right  lower  molar  of  Dryopithecus  rktnanus.  X  3/1,  From  a  casi  of  a 
iqiecimeii  figured  by  Branco. 

"Under  the  name  Anthropodits  (which,  as  noted  by  .\be],  was  preoccupied 
by  AtUhropodus  De  Lapouge),  Dr.  Schlosser  gave  the  following  generic 
definition: 

'Anthropodus  n.  g.  Only  lower  mj  known,  much  longer  than  broad,  with- 
out basal  cingulum,  consisting  of  five  principal  cusps,  whereof  the  first 
inner  cusp  (metaconid)  is  higher  and  larger  than  the  remaining  second 
inner  cusp  (entoconid).  Second  outer  cusp  (hj-poconid)  and  irosterior 
cusp  ('mesoconid')  alternating;  first  outer  cusp  (protoconid)  standing  only 
a  little  further  back  than  the  first  inner  cusp  (metaconid).  Secondary 
intermediate  cusps  present  behind  metaconid  and  between  entoconid  and 
mesoconid.  Cusps  provided  with  enamel  grooves  running  toward  the 
midline — one  for  each  cusp  except  the  metaconid  which  has  three  grooves. 
Peculiar  topography  (Sonstiges  Relief):  furrows  and  grooves  weakly  devel- 
oped. Posterior  root  of  mg,  as  a  result  of  the  talonid-like  extension  of  mt, 
strongly  extended  posteriorly.' 
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"As  Specific  characters  Dr.  Schlosser  gives  the  dimensions  of  nu  (length 
10.3,  greatest  breadth  7.8,  height  of  the  metaconid  5.3)  and  the  estimated 
measurement  of  the  three  lower  molars  (35  mm.)  and  of  the  premolars  and 
molars  (46-48  mm.). 

'From  the  corresponding  molars  of  Dryopiihecus,  that  of  the  present 
genus,'  continues  Dr.  Schlosser,  'is  distinguished  by  its  relatively  slight 
breadth,  by  the  relative  lowness  of  the  several  cusps,  by  the  strong  develop- 
ment of  the  mesoconid,  by  the  weakness  of  the  enamel  wrinkles  and  above 
all  by  the  weak  relief  of  its  grinding  surface;  although  the  course  of  the 
principal  enamel  furrows  is  essentially  the  same  ia  the  two  genera.  At 
first  sight  it  is  much  like  a  human  tooth,  but  the  latter  is  very  much  shorter 
and  wider,  with  more  massive  higher  cusps,  and  consequently  deeper  in- 
sinking  of  the  middle  of  the  crown;  finally  the  enamel  furrows  and  grooves 
in  man  are  decidedly  coarser  and  the  whole  relief  of  the  crown  somewhat 
more  complicated  and  irregular.  In  all  these  details,  except  the  less 
strongly  developed  cusps,  Anthropodus  is  more  primitive  than  either 
Dryopiihecus  or  Homo.  The  origin  of  Anthropodus,'  continues  Schlosser 
(p.  267)  'is  still  obscure;  the  only  certainty  is  that  it  is  nearly  related  to 
Dryopiihecus.  It  differs  from  Pliopithecus  in  the  more  complicated  [lattem 
of  the  crown  through  the  appearance  of  enamel  foldings  and  also  in  the 
disappearance  of  the  basal  cingulum;  it  is,  however,  more  primitive  than 
Pliopithecus  in  the  posterior  elongation  of  mj.' 

"To  the  writer  the  type  mj  of  the  species  under  consideration  presents 
an  underlying  resemblance  to  a  certain  mj  of  Dryopiihecus  rhenanus  of 
which  a  photograph  is  given  by  Abel  (1902,  PI,,  fig.  4),  except  that  in 
Neopithecus  the  enamel  is  covered  with  coarse  grooves,  the  tooth  as  a  whole 
is  elongate,  narrow  and  the  posterior  pit  is  filled  up.  But,  in  spite  of  all 
efforts,  the  more  precise  relationship  of  Neopithecus  remains  obscure.  It 
may  well  be  a  late  descendant  of  some  primitive  species  of  Dryopiihecus 
that  still  retained  an  elongate,  narrow  mj.  The  enamel  folds  and  wrinkles 
seem  to  have  been  acquired  independently  in  all  phyla  of  the  man-anthro- 
poid series," 

PalaopUkecus  sivalensis  Lydekker.  (From  "Studies  on  the  evo- 
lution of  the  primates."  1916,  pp.  299-301.) 

"The  type  consists  of  a  palate  containing  the  teeth  of  one  side  except 
the  incisors.  The  horizon  is  the  Dhok  Pathan  zone  or  Upper  Middle 
Siwaliks,  regarded  as  of  Pontian  or  Lower  Pliocene  age.  Lydekker  referred 
this  specunen  to  a  new  genus  Palxopithecus  in  1879,  but  later  (1886,  p.  3) 
came  to  the  conclusion  that  it  was  'an  ape  generally  distinct  from  both 
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Gorilla  and  Simia,  but  so  dose  to  Troglodytes  [the  chimpanzee]  as  to  leave 
little  doubt  as  to  its  identity — an  identity  rendered  the  more  probable 
by  the  occurrence  of  Cynocepkalus  in  the  same  region.  In  those  res^tects 
in  which  the  Siwalik  Troglodytes  differs  from  the  existing  African  species 


Fic.  257.  Teeth  of  Pakeopithecui 


Snapithecus 


C. — Upper  teeth  and  palate  of  PataopUhtcus  HvaletuU.    After  Dubois.    X  1- 

B.— UH>er  teeth  of  PaittopUhtcus. 

A. — Lower  teeth  of  SiaipUhecus. 

The  canine,  anterior  premolar,  and  third  molar  of  Sivapitkecus  belong  to  different 
individuals.  The  relations  between  the  lower  teeth  of  SivapUhectu  and  the  upper  teeth 
of  Pataopilkaus  seem  hardly  close  enough  to  be  indicative  of  generic  affinity. 

it  shows  in  a  still  more  marked  degree  the  approach  to  the  human  type  of 
dentition  presented  by  the  latter,  and  serves,  in  a  smaU  degree,  to  bind  still 
closer  the  connection  between  the  Simiid<e  and  the  Hominids.  In  the 
inclination  of  the  two  series  of  cheek  teeth  and  the  relative  lateral  position 
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of  the  premolars  to  the  true  molars,  the  genus  Bylobates  makes  an  approach 
to  the  human  type  which  is  wanting  in  all  the  larger  existing  Simiidse, 
and  it  is  very  noteworthy  to  find  a  similar  relation  obtaining  In  the  Siwalik 
Troglodytes,  accompanied  by  a  more  human-like  structure  of  the  upper 
premolars.' 

"Dubois  (1897)  dissented  from  Lydekker's  conclusions,  gave  a  corrected 
figure  of  the  type  and  concluded  that  one  should  rather  assign  to  Paiao- 
pUkecus  a  position  in  the  family  Simiidse  lower  than  that  of  any  of  the  four 
living  genera  (p.  90);  also  that  the  Indian  PalaopUhecus  may  have  been 
a  later  member  of  an  older  group  of  anthropoids  that  included  the  European 
Miocene  genera  Pliopilkecus  and  DryofUhecus. 

"Dr.  Pilgrim  (1915)  gives  an  extended  analysis  of  the  known  characters 
of  PaltEopilhecus,  in  which  he  lists  eleven  characters  in  which  the  type 
differs  from  the  chimpanzee,  seven  in  which  it  differs  from  man,  three 
which  distinguish  it  from  Dryopilhecus,  and  so  forth.  To  the  reviewer 
many  of  the  characters  which  distinguish  Pdaopitkecus  from  both  the 
chimpanzee  and  the  gorilla  appear  to  be  simply  primitive  characters,  which 
may  either  prove  to  be  characteristic  of  the  Upper  Siwalik  ancestors  of 
these  apes,  or  may  at  that  time  have  been  retained  by  Paleeopitkecus  as  a 
conservative  genus.  The  narrow  palate,  relatively  small  incisors  and 
slightly  convergent  tooth  rows  are,  for  excellent  reasons,  to  be  ascribed 
to  the  ancestral  anthropoids,  since  the  opposite  characters  are  character- 
istic specializations  of  all  the  larger  existing  Simiidae.  In  the  existing 
chimpanzee,  which  is  strongly  brachy cephalic,  the  upper  cheek  teeth  are 
evidently  beginning  to  suffer  retrogressive  changes  such  as  have  been 
carried  to  far  greater  lengths  in  brachy  cephalic  races  of  man.  Thus,  the 
molars  are  assuming  a  rounded  or  subcircular  contour,  while  the  number 
of  internal  roots  in  the  molars  and  of  external  roots  in  the  premolars  is 
apparently  in  process  of  reduction,  by  coalescence,  from  two  to  one.  Hence 
in  Palaopithecus,  a  more  primitive  anthropoid,  it  is  not  surprising  to  find 
more  distinctly  quadrilateral  molars,  with  two  distinct  internal  roots,  and 
wider  premolars  with  two  distinct  external  roots. 

"Several  of  the  characters  in  which  Palaopitkecus  differs  from  the  chim- 
panzee bring  it  closer  to  the  gorilla:  here  belong  the  stouter  canines,  the 
somewhat  higher  cusps  of  the  molars,  the  more  quadrilateral  molars,  the 
greater  width  of  the  anterior  premolars.  To  the  reviewer  it  seems  closer 
to  the  gorilla  notwithstanding  the  laborious  arguments  of  Dubois  and 
Pilgrim. 

"The  dentition  as  a  whole  is  also  similar  to  that  of  Dryopilhecus  ptmjabicus 
from  which  Falaopilhecus  may  well  be  descended. 
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"Pilgrim  notes  that  it  resembles  Pliopithecus  especially  in  the  width  and 
shortness  of  the  premolars  and  first  molar,  the  narrow  palate  and  straight 
tooth-row,  the  small  incisors  and  general  characters  of  the  molars,  so  that, 
as  already  said,  POgrim  and  Dubois  regard  it  as  a  relative  of  Pliopithecus, 
from  which,  according  to  Pilgrim,  it  is  distinguished  by  its  greater  size 
(the  tooth  row  being  nearly  as  long  as  in  a  chimpanzee),  wrinkling  in  the 
enamel  and  reduction  of  the  internal  cingulum.  The  reviewer,  on  the  other 
hand,  regards  the  points  of  resemblance  to  Pliopithecus  as  all  primitive 
characters. 

"Palaopithecus  also  resembles  the  Lower  Siwalik  genus  SivapUhecus 
Pilgrim  (to  be  noted  below)  in  the  general  appearance  of  the  molars,  with 
relative  width  of  the  molars  and  anterior  premolars,  in  the  height  of  the 
cusps,  and  in  the  amount  and  character  of  the  wrinkling  of  the  enamel. 
Lydekker  indeed  suggested  that  the  Jaw  of  Sivapitkecus  should  be  referred 
to  PalaopUhecus,  a  suggestion  that  has  not  yet  been  definitely  disproved, 
since  Dr.  Pilgrim's  principal  objection  to  it  is  the  assumed  wide  difference 
in  the  front  part  of  the  lower  jaw  in  Palaopithecus  and  Sivapilkecus;  but 
this  difference  does  not  exist,  ff  the  reviewer's  restoration  of  Sivapithecus 
is  more  correct  than  that  of  Dr.  Pilgrim. 

"In  brief  I  think  that  Dubois  and  Pilgrim  have  largely  misinterpreted 
the  relationships  of  Palaopithecus  and  that  it  is  quite  close  to  the  ancestor 
of  the  gorilla,  from  which  it  differs  only  in  primitive  characters." 

The  chimpanzee.  (From  "Studies  on  the  evolution  of  the  pri- 
mates," 1916,  p.  275.) 

"The  head  of  the  chimpanzee  is  considerably  longer  than  that  of  the 
orang;  the  most  prominent  feature  in  the  top  view  (fig.  259)  is  the  extreme 
protuberance  of  the  orbits  and  the  outgrowth  of  bony  ridges  between, 
above  and  outside  of  the  orbits.  As  in  the  gibbon  all  these  outgrowths 
are  connected  with  the  forward  extension  and  increase  of  the  inserdon- 
areas  of  the  temporal  and  masseter  muscles.  The  protrusion  of  the  orbits 
and  the  development  of  orbital  ridges  may  be  regarded  as  part  of  the 
specialization  for  frugivorous  diet,  along  with  the  deepening  of  the  jaws. 
The  sagittal  crest  of  the  males  is  apparently  secondary. 

"The  upper  molars  {figs.  255,  259)  clearly  retain  the  sharp  V-like  ridges 
of  the  primitive  tritubercular  pattern,  but  they  add  thereto  a  poorly  devel- 
oped posterior  ridge  running  from  the  enlarged  hypocone  to  the  meta- 
cone.  There  is  a  decided  tendency  to  divide  the  internal  root  into  an 
anterior  and  posterior  moiety,  or  rather,  the  formerly  distinct  roots  may 
be  in  course  of  coalescing.    TTie  lower  molars  {figs.  252  (C)  and  280)  exhibit 
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the  four  main  cusps  and  the  postero-median  cusps  which  are  characteristic  J 
of  the  great  apes  and  man,  and  in  the  pattern  of  their  crowns  they  distantly  I 
approach  the  human  tj^pe,  although  the  anteroposterior  diameter  is  still 'I 
greater  and  the  posterior  moietj'  of  the  crowns  not  expanded.  Traces  of  .1 
the  primitive  cross-ridges  (protoiophid.  metalophid)  are  retained.  The  1 
third  upper  and  lower  molars  are  somewhat  reduced  in  size  and  degenerate 
in  form.    The  rounded  contour  of  the  upper  molare  is  correlated  with  the 


Fic.  258,  Skull 


X  4/5.     After  Elliot 


partly  oblique,  partly  rotary  e.\cursion  of  the  mandible.  The  molar  crowns 
are  coarsely  wrinkled,  the  cusps  being  lower  than  in  the  gorilla.  The 
upper  premolars  (Jig.  258)  are  comparatively  small  and  are  prominently 
bicuspid.  The  lower  premolars  are  of  normal  anthropoid  type,  but  an 
under  the  average  size.  The  opposite  premolar-molar  rows  are  nearly 
parallel  in  the  lower  jaw  but  diverge  in  the  upper  jaw  of  old  males.  The  ■ 
canines  form  slout  tusks.  The  anterior  upper  incisors  are  extremely  wide  J 
with  large  wrinkled  crowns.    Tlie  mttzzle  as  a  whole  is  mas^ve." 
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The  gorilla.  (From  "Studies  on  the  evolution  of  the  primates," 
1916,  pp.  276-277.) 

"Hie  gorilla,  carries  to  the  logical  extreme  the  (rugivorouii  and  fighting 
Bpedalizfttions  which  are  foreshadowed  in  the  chimpanzee.  The  head  is 
lengthened  by  the  forward  growth  of  the  muzzle  and  by  the  e;ttreme  back- 
ward growth  of  the  skull-top.  Thus  the  gorilla  skull,  to  a  certdn  extent, 
parallels  that  of  the  baboons.  The  supraorbital  protrusion  is  now  extreme. 
The  secondary  sagittal  crest  and  widely  flaring  occipital  crests  attain  an 
exces^ve  development  in  old  males,  and  are  conditioned  by  the  massive 
size  of  the  muscles  of  the  jaws  and  neck. 

"Hie  canines  form  great  tusks  and  hence  the  muzzle  and  lower  jaw  are 
very  wide  in  front,  and  the  opfKisite  premolar-molar  series  are  parallel  or 
diverge  anteriorly.  The  palate  and  basis  cranii  also  reflect  these  swine-like 
adaptations.  All  these  specializations  are  either  absent  or  feebly  developed 
in  the  females  and  young  and  may  be  looked  upon  as  comparatively  recent 
acquisitions  which  disguise  the  underlying  similarity  to  the  chimpanzee 
skull.  The  incisors  are  relatively  narrow.  The  upper  premolars  are  wide; 
the  front  lower  premolar,  in  correlation  with  the  tusk-like  form  of  the  upper 
canine,  is  shaped  somewhat  like  that  of  a  baboon,  with  a  sloping  well-worn 
antero-eztemal  face.  The  molars  all  have  conical  cusps  which  are  higher 
than  in  the  other  anthropoids  and  are  less  complicated  by  secondary  folds 
and  wrinkles.  In  correlation  \vith  the  marked  anteroposterior  elongation 
of  the  head  the  upper  molars  are  now  divided  into  large  anterior  and  smaller 
posterior  moieties,  but  clear  traces  of  the  original  trigonal  pattern  remain. 
The  lower  molars  are  also  more  elongate  than  those  of  the  chimpanzee. 
The  protoconid  and  metaconid  are  connected  by  a  cross  crest  (protolophid) 
which  fits  between  two  adjacent  upper  molars.  The  fundamental  pattern 
of  all  the  premolars  and  molars  are  those  seen  in  all  anthropoids.  The 
lower  jaw  is  very  massive  with  a  long  stout  horizontal  ramus  and  broad 
ascending  ramus. 

"Thus  the  fundamental  resemblances  to  the  human  skull  are  largely 
disguised  in  the  male  gorilla,  which  is  distinguished  by  the  great  tusks 
and  mas^ve  cheek  teeth,  the  divergent  tooth  rows,  the  baboon-like  muzzle 
and  protruding  orbits,  in  contrast  with  the  opposite  specializations  in  man. 
The  young  female  gorilla,  on  the  other  hand,  except  in  the  dentition,  more 
distinctly  approaches  the  human  type  than  any  other  anthropoid,  in  all 
views  of  the  skull  (profile,  front,  top  and  back),  in  ihe  interior  and  base  of 
the  bnincase,  and  in  the  details  of  the  tympano-petrosal  region." 
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Relationship  of  the  chimpanzee  and  the  goriUa.  The  prolonged  and 
thorough  anatomical  investigations  of  Keith  (1915)  have  demon- 
strated the  relatively  close  relationship  to  each  other  of  these  two 
genera  {Pan,  Gorilla),  which  were  formerly  placed  in  a  single  genus, 
Troglodytes.  But  although  certain  spedes  of  chimpanzee  approach 
the  gorillas  in  some  characters  it  is  probable  that  the  two  genera 
have  been  separated  since  Miocene  times,  because  one  q)ecies  of 
Dryopithecus,  D.  chinjiensis,  seems  to  be  tending  in  the  direction  of 
the  gorilla,  while  another,  D.  giganteus,  as  well  as  D.  rhenanus,  appear 
to  be  more  nearly  related  to  the  chimpanzee. 

THE   PILTDOWN   PROBLEM 

Stated  in  the  briefest  terms  this  problem  is  as  follows:  In  1911, 
Sir  Charles  Dawson  discovered  some  fragmentary  human  and  other 
ancient  animal  remains  in  a  gravel  pit  on  PUtdown  Common,  Fletch- 
ing,  in  Sussex,  England,  the  human  remains  being  described  by  Smith 
Woodward  (1913)  under  the  name  of  Eoanthropus  dawsom.  The 
age  of  the  gravel  bed  has  been  much  disputed,  some  holding  that  it 
was  of  Upper  Pliocene  age,  but  the  majority  regard  it  as  of  Pleistocene 
age. 

The  fragmentary  pieces  of  the  skull  are  admitted  by  all  to  be  of 
hiunan  type.  The  lower  jaw  fragment  found  near  the  skull  in  many 
respects  resembles  that  of  a  chimpanzee,  so  that  several  investigators 
deny  that  it  belongs  with  the  human  skull.  Gerrit  S.  Miller  (1915), 
who  has  made  a  very  careful  study  of  the  subject,  concludes  that  the 
lower  jaw  represents  a  Pleistocene  species  of  chimpanzee  which  he 
has  named  Pan  vetus.  Subsequently  a  canine  tooth  was  found  in 
the  same  locality,  but  opinion  is  divided  whether  it  is  an  upper  or  a 
lower  canine,  the  writer  and  Miller  holding  that  it  is  an  upper. 
Smith  Woodward,  Pycraft  (1917),  ElHot  Smith,  Keith,  and  most 
British  authors,  adhere  to  the  view  that  the  jaw  belongs  with  the 
skull,  while  Miller  has  published  a  second  paper  (1918)  supporting 
his  contendon  (which  is  accepted  by  many  Americans,  including  the 
writer)  that  the  weight  of  evidence  up  to  the  present  time  favors 
the  conclusion  that  the  jaw  belonged  to  a  chimpanzee.  Smith 
Woodward  (1917)  has  discovered  in  another  locahty,  but  in  the  same 
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geological  formation,  a  couple  of  fragments  of  another  skull  and  a 
lower  molar,  and  he  regards  these  remains  as  affording  decisive  evi> 
dence  in  favor  of  the  original  association  of  the  Filtdown  jaw  with 
the  skull.  But  others  doubt  whether  the  new  lower  molar  is  really 
conspedfic  with  the  original  Filtdown  jaw,  as  it  is  of  definitely  human 
type.     (See,  however,  p.  x,  line  29.) 

In  my  "Studies  on  the  evolution  of  the  primates,"  1916,  pp.  313- 
320,  the  Filtdown  problem  was  discussed  as  follows: 

"In  an  earlier  paper  (1914)  I  have  reviewed  the  controversy  over  the 
Filtdown  remains  {Eoantkropus  dawsoni),  emphasizing  the  entirely  human 
character  of  the  braincase,  the  essentially  ape-like  character  of  the  lower 
jaw  and  teeth  and  the  doubt  as  to  their  association  already  expressed  by 
several  authors.  With  some  doubts,  which  were  even  more  strongly  felt 
by  my  colleague,  Dr.  Matthew,  I  was  led  to  accept  provisionally  the  associ- 
ation of  the  jaw  with  the  skull,  chiefly  because  the  jaw  is  stated  to  have 
been  found  within  a  yard  of  the  point  where  a  piece  of  the  occiput  was 
discovered,  and  at  precisely  the  same  level.  In  this  connection  I  said 
{op.  cit.,  p.  194)  that  'fossil  remains  of  anthropoids  of  any  age  have  hitherto 
been  exceedingly  rare,  and  the  chances  that  a  jaw  of  a  hitherto  unknown  type 
of  ape  should  be  washed  into  the  same  gravel  bed  with  a  human  skull  of 
conformable  size,  and  that  both  should  become  mineralized  in  the  same 
manner  and  degree,  may  be  regarded  as  extremely  small.'  The  chances 
of  such  a  coincidence  occurring  were,  no  doubt,  extremely  small,  but  never- 
theless the  event  must  have  happened,  for  I  consider  that  Miller  (1915) 
has  practically  demonstrated  that  the  Filtdown  lower  jaw  represents  a 
Pleistocene  species  of  chimpanzee  and  that  it  did  not  belong  with  the 
associated  braincase. 

"In  all  views  of  the  jaw — from  beneath,  from  above,  from  the  inner  side 
and  from  the  outer  side — it  is  generically  identical  with  the  aged  speci- 
mens of  Pan  figured  by  Miller  (1915,  pis.  1,  2).  Every  curve  and  contour 
in  these  chimpanzees  is  followed  with  minor  variations  in  the  Pleistocene 
jaw.  Dr.  Woodward's  own  comparative  figures  (1914,  p,  317)  of  the  sym- 
physial  region  of  Eoanihropus  and  other  anthropoids,  as  well  as  his  later 
figures  (1915,  pp,  16-21)  of  three  views  of  the  jaw,  all  show  how  close  this 
jaw  is  to  that  of  a  female  chimpanzee  and  how  widely  different  it  is  from 
that  of  Soma  keiddbergensis.  And  not  one  of  the  characters  of  the  jaw 
and  teeth,  as  most  ably  analysed  by  Professor  Keith  (1915,  pp.  430-478) 
establish  a  generic  difference  from  the  chimpanzee. 


Fio.  26J.  CoMPABATtvx  Seeies:  Lowim  Jkws.    X  1/2.    After  Skhh  W<xh>ward 
A. — Modem  chimpanzee.  C. — Heidelberg  jair.   - 

B, — Pfltdown  jaw.  D. — Modem  dua 
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Fic.  264,  CoMFARATtvE  Series:  Lower  Jaws,  Medial  View  of  Right  Halp.    X  1  U 

After  Shith  Woodward 

I,,  Kcnial  tubercles;  m.f.,  mylohyoid  groove;  m.r.,  mylohyoid  ridge 


A. — Gorilla  tp. 

h.—Sifipithauj  indkus.    After  Pilgrim. 

C~F-in  «|i.     Much  wom  molan  of  an  old  chimpanzee.    After  MiDer. 

\>.-   I'an  ittitt.     Much  (com  molan  o(  the  f^tdom  mandible;  fmn  a  pbotdgrapb 
published  by  Smith  Woodward  (X  3  2  +). 

K.~lJomo  keiddbergentu.    From  a  pbotograph  publiafaed  by  Schoetensack. 

V.~Homo  lapiau.     Molars  of  an  old  female  Austnlian  black.     Premolan  d  a  male 
negro, 

(j.—Ilotno   lafiUns,     Lower   premolar-molar   series   '>f   a   Stiandloopci    Buahmm. 
(Gift  ol  Dr.  K.  broom.) 

From  this  scries  it  appears  thai  Miller  is  well  warranted  in  stating  tlwt  the  letdown 
molan  are  fcenerkally  referable  to  Pan  ralber  than  to  B»mc. 
354 
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"The  two  molar  teeth,  although  greatly  worn,  show  the  primitive  Ihyo- 
piilKcus  pattern,  which  is  disguised  in  all  the  Hominidae;  the  molars  appear 
to  agree  generically  with  those  of  the  very  old  female  chimpanzees  figured 
by  Miller  {op.  at.,  pi,  2,  figs.  2",  1",  4).  They  differ  from  all  human  molars 
that  I  have  seen  in  being  relatively  long  and  narrow  and  in  having  the 
posterior  moiety  less  widened  transversely.    From  the  molars  of  Homo 


Fm.  266.  CouPAaATivE  Series:  Teupoul  Bones  of  (A)  the  Piltdown  Skull,  (B) 

A  Negro,  and  (C)  a  Feuale  Oraho.    X  2/3 

dr.*.,  articular  eminEuce  (for  lower  jaw);  ex.,  carotid  canal;  e.a.in.,  external  auditory 

ntMtiu;  1^.,  glenoid  socket;  pel.,  petrous  bone;  it.,  pit  for  styloid  process;  l.p.,  tympanic 

;date;  >,  root  of  lyitomatic  arch. 


irice&wffifi,-  li^  5tfe:  ii  ^liie  ^sane  aancters.  atrhrw^  in  soniewhat 
!fiS3  iecse.  Also  3l_  is  i  jirse.  wiiie.  ireiL-ruinidcd  tooch,  wfakh  is  dis- 
ziniiEfi  3iiK^naiv  inii  t!'-^  its  "imir  itt^  raxned  muic  <x  less  CDwanl  st  the 
fmii  eiii,  in  zcn&icnitj  witi  the  inward  iwem  of  the  maiufitde. 

-Tile  ci:inpiii!:ciiv  iiuman  iiharainer-jf  ae  senoiii  ngion.  and  the  comfdete 
ihseice  .je  smiiLT  fisir-ires  bock  in  this-  reaioa  and  is  the  region  of  the 
ter^tjril  nisde  irsx  xtx-i  ±i  iosucecabu:  dimculty,  as  long  as  one 
iccepttfC  :±«;  iUDCt.-se-i  i-i^--«'-;»~iif  ;£  the  ja'w  vith.  the  ikuIL  By  all  well- 
fou=ideii  iraJCires  i  'ir.:^  iir:<  ^ecireea  "Jii;  Sinrntii  ami  Hominidae  should 
case  tciire  hter^e-iiiite  i-'hiiracters  in  both  tiw  and  tanporal  region;  but, 
as  niHy  espt:u:^iei:  ~y  Dr.  itiler  *».  .-it.,  pp.  I4-t*  .  the  whole  confonna- 
~or  ot  tiis  rearior  '-  ihe  PC-.ictn  jkiH  fema-'i*  a  hamaa  or  subhuman 


t.  cniwn  viev-.  J.  lingiial  snie:  .'.  I:ibiiil^e.  4.  crovn  view  ot  m;  of  a  modEtn  dumpanzcc 

MiUer  mnaik^  that  this  Cooch  resembies  ihe  ant.  tomr  uotit  of  the  FQtdown  maii- 

•iMe  and  likewise  rcpresfaCf  a  Plecstt-ofrnf  jfWL-ns  o(  >:hiinpaiuce.     Nduiag  tumself  noted 

its  itnng  reafmhlioo;  to  a  coimpiuuiK  mahu.  but  ax  iptte  ot  thM  wfantd  it  to  ffmnt. 

lower  jaw.  while  the  anthropoid  jaw  demands  anthropoid  glauHd  and 
temporal  regioas. 

"Now  that  this  anotnalous  somposite  called  Et/antkropiu  has  been 
reirolved  into  its  diverse  elements  we  realize  again  that  the  tran^onoation 
of  the  Simiidx  into  the  Hominidx  took  pbce  at  a  much  earlier  period: 
and  that  the  entirely  human  dentitioa  of  Hirmo  ktiJelbtrgrHsis  shows  thai 
this  tranit'crmation  was  effected  long  before  the  mid-Pleistocene;  a  \'iew 
which  has  been  stron^ty  urged  by  Professor  Keith,  but  upon  other  grounds. 

''If  the  PQtiJown  skull,  which  is  entirely  himian.  hon  a  human  jaw,  as 
now  seems  likely,  then  there  is  no  necessity  for  pulling  the  point  ot  diii'er- 
gence  of  Eoanikrofms  dir^iimi  and  Homo  far  back  into  the  Lower  Hiocene, 
as  in  Professor  Keith's  diagram  (t9t5,  p.  5091. 


Fig.  268.  Coui'arative  Skries:  (A)  Canine  Tooth  (Cast)  Fi>ind  at  I'iltuown  IN 

COMPAKISON    WITH    (B)    THE    LEFT    Ul'PER    CANIS'E    AKD    (C)    TOE    KlCHT 

LotvER  Canine  of  a  Feuale  Orang.     X  1 
The  lower  c:Lnine  is  turned  upside  down  to  facilitate  comparison  with  the  othera. 
In  A  the  lip  of  the  root  is  restored. 

A>,  B>,  C  seen  from  the  outer  or  kbiul  side 
A',  B*,  C,  seen  from  the  inner  or  lingual  side;  w.  worn  surface. 
A',  B",  C.  seen  from  the  front,  or  antcro-inlemully 
357 
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"The  persistence  of  one  of  the  great  apes  in  the  Pleistocene  of  Europe, 
as  a  survivor  of  the  DryopUhecus  group  of  the  Upper  Miocene  and  Pliocene, 
is  analogous  with  the  persistent  in  the  same  region  of  hippopotamus  and 
other  forms  at  present  confined  to  the  tropics.  The  fact  that  the  Pleis- 
tocene spedes  is  distinguished  from  the  modem  type  by  a  somewhat  more 
robust  mandible  and  larger  molar  teeth  also  finds  precedents  among  other 
mammalian  phyla. 

"As  to  the  canine  tooth:  in  my  earlier  paper  I  recorded  the  observatioa 
of  Mr.  A.  E.  Anderson,  that  this  tooth  agreed  better  with  the  left  upper 
canine  of  apes  than  with  the  right  lower  one,  as  originally  identified  by 
Dr.  Smith  Woodward.  I  was  at  that  time  not  entirely  convinced  of  this 
identification,  but  its  correctness  seems  to  have  been  confirmed  by  Dr. 
Miller  (1915,  p.  12)  who  finds  left  upper  canines  of  aged  female  chimpanzees 
which  closely  approximate  the  Piltdown  canine  both  in  form  and  in  the 
manner  of  wearing  down.  I  also  consider  the  resemblances  to  the  right 
lower  milk-canine  of  man,  noted  by  Dr.  Woodward  (1915,  p.  22,  fig,  9), 
as  not  being  sufficiently  close  to  be  demonstrative  of  homology." 

It  is  not  practicable,  nithin  the  limits  of  this  review,  to  follow  the 
subsequent  development  of  the  PUtdown  problem  in  its  numerous 
ramifications  and  detaUed  discussion.  The  reader  is  referred  to  the 
recent  papers  by  Pycraft  (1917)  and  by  Miller  (1918),  the  latter 
lontaining  an  annotated  bibliography  of  the  subject. 

The  I'iltdown  problem  has  bearing  on  the  general  subject  of  the 
evolution  of  the  human  dentition  in  so  far  as  it  raises  the  question 
whether  the  human  brain  and  braincase  assumed  its  distinctive 
fliaracters  at  a  relatively  early  period  when  the  jaws  and  dentition 
wore  still  apo-Iike.  as  maintained  by  Elliot  Smith  (1913).  Whether 
or  not  tlie  Piltdown  jaw  belongs  with  the  skull,  the  fact  remains  that 
its  coiitaineil  lower  molars  are  in  many  respects  extremely  like  those 
of  ('liini]nuizet:'S.  Hut  these,  in  turn,  are  closely  related  in  pattern 
tu  priniiUvo  Inimaii  molars;  and  the  whole  Piltdown  controversy 
serves  to  oitiphasizc  not  only  the  fundamental  agreements  but  even 
the  nunuTous  spcciiil  n.'seniblances  in  structure  of  the  jaws  and  teeth 
of  chinipaiizei-s  tuul  nu-n. 

THK   I'lTHKCANTHROPUS  P80BLEM 

The  celebrated  fossils  discovered  in  Java  by  Dubois  were  described 
by  him  in  1892  under  the  name  of  Pitfiecantkropus  erectus.    The 
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remains  were  not  all  found  in  one  spot  but  were  scattered  along  the 
course  of  an  ancient  stream  bed.  Although  some  authorities  have 
doubted  the  association  of  skull-top,  femur  and  molars,  the  majority 
have  accepted  Dubois's  view  that  all  the  remains  belonged  to  one 
skeleton  which  had  become  broken  up  and  distributed  by  stream 
action.  The  geological  horizon  is  uncertain.  It  was  originally 
thought  to  be  Upper  Pliocene  from  the  character  of  the  fossil  mammals 
found  in  the  same  forinaUon,  but  later  investigators  incline  to  regard 
it  as  of  Pleistocene  age.    The  skuU-top  resembles  in  general  that  of  a 


Fio.  269.  COMFAXATiVE  Series;  Right  Upper  Tbod  Molax  Referred  by  Dimois 
TO  PUIiteantknpus  (O)  at  Couparison  with  Vakioos  Hdvan  and 
ANTOROPOm  Types.    All  Figures  X  3/2 
A.-—DrytpUktcus  piufjabkus,  refemd  ^)ecimen.    After  HIgrim. 
B.— Hodam  onng. 

O. — Pititeanlhrepia  trtttus.     Cast  of  referred  apecimen  (m*,  right). 
O.—PitiieeoiUknpui  ertctus.     Cast  of  a  second  referred  specimen  (m*,  left). 
D.—Bomo  sapient.    Australian  black  { 9 ). 
E. — Home  sapiats.     Kaffir. 
F. — Bonw  tapUtu.    Brachycepballc  Caucasian. 

gibbon  but  it  is  of  human  size  and  the  braincase  was  more  voltmii- 
nous  than  that  of  any  other  known  anthropoid.  The  femur  much 
resembles  that  of  modem  men  and  its  form  implies  an  upright  gait.' 
TTie  upper  molars  represent  m'  of  the  left  and  m*  of  the  right  side. 
They  are  distinguished  by  their  very  large  size  and  strongly  divergent 
roots.    The  third  upper  molar  looks  as  if  it  might  be  an  enlarged 


'It  is  poMible  that  the  upright  gait  i 
SMPartV. 


s  early  acquired  by  the  pre-human  stock. 
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derivathe  oi  a  third  molar  of  DryopitkecMS  type  (^£;.  2<fj>).  tt  is 
distinguiahed  by  the  weak  deieloptceiit  or  absoice  of  the  metacone, 
which  19  coniluent  with  the  general  outer  rim  of  the  crown.  A  cast  of 
the  secoDid  upper  mnlar  was  erroceously  identined  by  me  f  1916,  p.  320) 
as  a  third,  but  Dr.  Dubois  has  kindly  informed  me  that  the  original 
hears  a  distinct  pressure  scar  on  its  posterior  border  wliich  shows  that 
there  was  a  tooth  behind  it.  Moreover  thi'^  tooth  is  scnnewhat  more 
quadrate  than  the  third  molar  of  the  opposite  side  and  is  far  from 
being  a  re\'eTsed  duphcate  of  that  tooth.  As  a  second  u[q>er  molar 
it  Is  remarkable  for  the  pronounced  reduction  in  size  of  the  posterior 
moiety  of  the  crown,  including  the  metacone  and  the  hj'pocone;  the 
reduction  of  the  metacone  is  concomitant  with  a  buccal  protrusion 
of  the  large  paracone  and  a  pronounced  bucco-Ungual  slope  of  the 
outer  border  ot  the  crown.  The  reduction  of  the  hypocone  and 
metacone  are  a  result  of  degenerative  processes  in  the  dentition  of 
the  most  advanced  and  presumably  late  races  of  man,  and  their 
presence  at  thU  relatively  early  period  in  Pilhecanlkropus  tends  to 
remove  that  genus  from  the  line  of  ascent  leading  to  later  human  races. 
The  molar  teeth,  wbUe  of  subhuman  tjpe,  differ  in  their  details  from 
any  others  known  to  me. 

The  association  of  gibbon-like  skull-top,  modernized  human  femur 
and  subhuman  upper  molars  with  reduced  posterior  moiety,  if  cor- 
rectly assigned  to  one  animal,  may  perhaps  define  PUhecatUhropus 
as  an  early  side  branch  of  the  Hominidx,  which  had  already  been 
driven  southward  away  from  the  primitive  center  of  dispersal  in 
Central  Asia,  by  the  pressure  of  higher  races.  But  whatever  its  more 
precise  systematic  and  phylogenetic  position,  Pithecanthropus,  or 
even  its  constituent  parts,  the  skull-top,  the  femur  and  the  molars, 
severally  and  collectively  testify  to  the  close  relationship  of  the  late 
Tertiary  anthropoids  with  the  Pleistocene  Hominida, 

in.  SUMMARIES  AND  COXCLUSIONS  FOR  PART  IV 

SUUMASY,  BASED  CHIEFLY  OX  DENTAL  CHAilACTEKS,  OF  THE  KISE  AND 
EVOLUTION  OF  THE   ANTHROPOID  APES 

The  accompanying  diagram  {jig.  270),  taken  frtrni  my  "Studies  on 
the  evolution  of  the  primates."  expresses  the  phylogenetic  relation- 
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ships  of  the  higher  primates  in  so  far  as  I  was  able  to  conceive  them 
in  1916.  After  a  careful  and  as  far  as  possible  impartial  review  of  the 
whole  subject,  and  in  the  light  of  recent  criticisms  and  developments, 
I  have  to  confess  that  I  find  but  Uttle  or  nothing  to  change  in  this 
diagram  at  the  present  time.  In  so  far  as  it  relates  to  the  origin  and 
rise  of  the  whole  catarrhine  series,  except  man,  whose  origin  and 
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divergence  will  be  discussed  below,  the  conception  thus  symbolized 
is  outlined  in  the  following  pages. 

The  ancestral  stock  of  the  Catarrhina;  may  be  supposed  to  have 
separated  from  some  still  undiscovered  family  of  tarsioids  at  a  time 
considerably  before  the  Lower  Oligocene,  perhaps  the  Middle  Eocene. 
The  dentition  of  the  ancestral  Catarrhine,  as  here  conceived,  resem- 
bled in  many  respects  that  of  NecroUmur,  described  in  Part  III,  save 
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that  there  was  no  undue  specialization  of  the  middle  pair  of  lower 
incisors. 

Parapithecus  {fig.  215),  of  the  Lower  Oligocene  of  Egypt,  may  be 
regarded  as  a  "left-over,"  or  persistently  primitive  survivor  of  the 
ancestral  catarrhine  stock. 

Apidium  {fig.  216),  of  the  same  formation  so  far  as  known,  appears 
to  represent  a  similar  left-over  that  gives  us  a  structural  stage  in  the 
origin  of  the  lower  molars  of  the  cercopithecoid  branch  (family 
Cercopithecidffi)  of  the  series.  These  very  early  entered  upon  a  side 
path  of  evolution  leading  to  the  specialization  of  bilophodont  upper 
and  lower  molars,  normally  adapted  to  fnigivorous  diet;  but  they 
retained  the  more  primitive,  more  quadrupedal  mode  of  progression 
both  in  the  trees  and  upon  the  ground. 

The  anthropoid-man  group  of  the  Catarrhina;,  while  early  acquiring 
a  new  mode  of  locomotion  called  brachiation,  which  will  be  discussed 
later,  avoided  a  too  early  specialization  of  the  dentition,  conserving 
the  tritubercular  ground  plan  of  the  upper  molars  even  after  the  Ming 
out  of  the  postero-internal  comer  of  the  crown  (by  the  development 
of  a  prominent  hypocone)  and  retaining  the  prominent  hypoconutid 
in  the  lower  molars,  which  is  of  very  subordinate  value  in  the 
cercopithecoids.  The  upper  molars  are,  then,  essentially  four- 
cusped,  while  the  lower  molars  have  five  cusps,  namely,  the  proto-, 
meta-,  hypo-,  and  entoconids,  and  the  prominent  hypoconulid, 
or  mesoconid.  The  latter  is  at  first  medial  in  position  on  the  crown 
of  the  tooth,  but  early  tends  to  shift  toward  the  outer  or  buccal 
side.  The  posterior  lower  premolars  tend  to  attain  the  fifUy  bicuspid 
type,  but  the  anterior  premolars,  in  all  the  lines  in  which  the  upper 
canines  become  large,  acquired  an  oblique,  sloping,  antero-extemal 
sectorial  face,  which  articulates  with  the  postero-internal  face  of  the 
upper  canine.  The  upper  canines  usually  become  enlarged  and 
tusk-like,  especially  in  males,  but  the  lower  canines  are  always  smaller. 
The  central  upper  incisors  are  more  or  less  widened,  with  a  sharp 
cutting  edge,  and  often  with  a  posterior  central  ridge  and  basaJ 
cingulum.  The  upper  incisor  crowns  are  often  more  or  less  curved 
or  bent  upon  the  roots  in  accordance  with  the  degree  of  prognathism 
and  of  overbite.  The  dental  arches,  while  extremely  variable  in 
form,  tend  to  be  wide  in  front,  especially  in  forms  with  much  enlarged 
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The  characters  of  the  dentition  in  anthropoids  appear  to  be  adapted 
to  a  mixed  diet,  large  fruits  being  the  principal  staple,  but  insects, 
young  birds,  etc.,  being  devoured  as  opportunity  affords.  A  chiefly 
fnigivorous  diet,  more  or  less  skill  in  brachiation,  and  the  habit  of 
sitting  upright,  are  not  only  characteristic  of  recent  anthropoids  but 
may  well  be  ascribed  to  their  Tertiary  ancestors,  whose  scant 
remains  indicate  a  fundamental  similarity  to  the  surviving  members 
of  the  family. 

The  oldest  known  true  anthropoid,  as  we  have  seen,  is  PropHo- 
pilhecus,  {fig.  235),  from  the  Lower  Oligocene  of  Egypt.  Although  the 
type  and  only  known  specimen  consists  merely  of  a  part  of  the  left 
side  of  the  lower  jaw  containing  the  canine  and  complete  cheek  teeth, 
its  right  to  be  regarded  as  a  true  anthropoid  is  established  by  its 
very  characteristic  dentition,  which  shows  many  strong  points  of 
resemblance  with  that  of  the  Pliocene  genus,  Pliofnthecus  {fig.  236). 
It  is  thus  connected  with  the  ancestry  of  the  modem  gibbons  and 
may  also  stand  in  the  direct  line  of  ascent  leading  to  the  higher 
anthropoids,  as  suggested  by  Schlosser.  Propliopithecus  is  much 
more  primitive  than  any  other  known  anthropoid  in  its  very  small 
size,  in  the  lack  of  furrows  and  wrinkles  on  its  molar  crowns,  in  the 
non-laniary  form  of  the  canines,  and  the  non-sectonal  form  of  the 
anterior  lower  premolars.  On  these  accounts  it  might  even  be 
conceived  as  an  immediate  ancestor  of  man  were  it  not  for  much 
other  evidence  that  tends  to  connect  man  closely  with  the  later 
Dryopithecits  group,  especially  with  the  chimpanzee-gorilla  branch. 

The  modem  gibbons  {figs.  237-241),  as  we  saw,  are  the  smallest 
and  in  some  ways  the  most  primitive  of  the  anthropoids,  retaining 
many  characters  of  a  lower  grade  of  organization  and  thereby  struc- 
turally allied  with  the  cercopithecoid  group,  but  nevertheless  true 
anthropoids  in  the  form  of  the  molar  teeth;  specialized  in  the  laniary 
development  of  the  upper  canines,  in  the  sectorial  form  of  the  lower 
pronolars  and  in  the  elongation  and  shallowness  of  the  body  of  the 
mandible. 

There  is  a  long  hiatus  in  our  knowledge  of  the  evolution  of  the 
anthropoids,  extending  between  the  Lower  Oligocene  and  the  second 
half  of  the  Middle  Miocene.  When  therefore  we  next  meet  the 
group,  in  the  Middle  Miocene  of  India  and  Europe,  we  find  a  great 
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advance  toward  the  modem  genera.  The  three  genera  and  six 
species  so  far  known  from  this  age  are  all  very  much  larger  than 
Propliopithecus,  one  of  them,  Dryopilhecus  giganleus  (fig.  252),  being 
truly  gigantic  in  aze. 

Among  the  Miocene  Indian  anthropoids,  Palaosimia  {fig.  242)  is 
known  only  from  a  third  upper  molar,  which,  while  structurally 
related  to  that  of  Dryopilhecus,  foreshadows  the  orangs  in  some 
respects.  As  the  orangs  are  in  many  respects  the  most  specialized 
members  of  the  family,  it  seems  highly  probable  that  they  were  among 
the  first  to  be  differentiated  from  the  Dryopilhecus  stem,  and  Paleeo- 
simia,  although  known  only  from  a  single  tooth,  appears  to  indicate 
that  this  separation  took  place  considerably  before  the  Middle 
Miocene. 

The  orangs  {figs.  243-246)  have  become  excessively  specialized  for 
arboreal  life  and  have  thereby  removed  themselves  widely  from  the 
line  of  human  ascent.  Their  dentition  is  specialized  in  the  extreme 
wrinkling  of  the  enamel  (which  even  obscures  the  primary  cusps 
of  the  molar  crowns)  and  often  in  the  excessive  prognathism  of  the 
upper  incisors.  The  living  orangs  are  extremely  variable  in  dental 
and  cranial  characters;  for  example,  the  central  upper  incisors  of 
males  vary  from  8.5  to  16  mm.  in  width  (Hellman,  1920,  p.  27), 

Sivapithecus  {fig.  247).  This  Upper  Miocene  Indian  genus  was  re- 
garded by  its  describer,  Pilgrim,  as  standing  near  to  the  line  of  human 
ascent,  a  view  which  possibly  may  yet  be  confirmed  by  future  discov- 
eries. Its  lower  molars  have  the  "Dryopilhecus  pattern,"  but  are 
relatively  short  and  wide  and  in  that  respect  approach  the  human  type. 
The  same  is  also  true  of  the  lower  premolars.  If  the  lower  canine  and 
incisors  are  rightly  associated  with  it,  it  is  probable  that  the  general 
form  of  the  jaw  and  arrangement  of  the  dental  arches  were  not  dis- 
similar in  essentials  from  those  of  Dryopilhecus,  from  some  primitive 
species  of  which  Sivapithecus  may  be  regarded  as  an  ofFshoot. 

Sivapithecus  is  perhaps  more  progressive  than  Dryopilhecus  in  the 
loss  of  the  external  cingulum  on  the  lower  molars,  in  their  greater 
breadth-index,  in  the  strong  divergence  of  the  molar  roots,  in  the 
probably  greater  depth  of  the  mandible  and  in  its  shorter  symphysis; 
in  the  marked  advance  toward  the  bicuspid  type  in  the  posterior  lower 
premolar,  and  in  the  nearer  approach  toward  the  bicuspid  type  in  the 
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anterior  lower  premolar.  The  third  lower  molars  lack  the  "sixth 
cusp,"  between  the  hypoconulid  and  the  entoconid,  which  occurs  in 
certain  orangs,  in  Dryopithecus  ckinjiensis,  in  D.  punjabicus,  and  in 
many  primitive  human  jaws.  In  the  phylogenetic  diagram  (Jig.  270) 
Sivapithecus  is  provisionally  placed  as  an  early  offshoot  from  the 
Dryopithecus  stem,  intermediate  between  the  Dryopithecus-maji  group 
and  the  Faiaosimia-oTajig  line. 

Dryopithecus  (figs.  248-256).  The  six  species  assigned  to  this 
genus  differ  greatly  in  size  and  considerably  in  detaUs,  one  of  than, 
D.  darwini,  having  such  a  wide  and  wrinkled  mj  that  it  may  eventually 
deserve  to  be  set  apart  as  a  distinct  but  related  genus.  Abel  (1902) 
has  noted  that  this  tooth  in  its  whole  appearance  and  size,  and  in 
the  arrangement  and  abundant  branching  of  the  furrows,  suggests 
the  corresponding  characters  in  the  men  of  Krapina,  but  that  it 
differs  from  them  in  the  narrowness  of  the  posterior  moiety  of  the 
crown,  a  primitive  character.  These  resemblances  are  naturally  not 
very  dose  or  detailed,  because  Dryopithecus  darwini  (fig.  253)  is 
separated  from  the  Krapina  men  by  the  vast  time  interval  between 
the  Upper  Miocene  and  the  late  Pleistocene;  nevertheless  it  affords 
one  of  a  niunber  of  instances  in  which  the  jaws  and  dentition  of  the 
Miocene  anthropoids  were  assimiing  characters  favorable  for  the  start- 
ing point  of  lines  of  evolution  tending  toward  the  human  grade. 

Of  the  remaining  species  of  Dryopithecus,  D.  {ontani  (fig.  254)  of 
Europe  is  possibly  the  most  primitive,  since  its  lower  molars  are  (a) 
relatively  narrow,  (b)  increase  in  antero-posterior  length  from  mi 
to  mj,  and  (c)  retain  the  external  cingulum  seen  in  Propliopithecus 
and  Pliopithecus.  It  is  the  only  species  in  which  the  lower  jaw  and 
all  the  lower  teeth  are  known.  It  is  evidently  much  less  specialized 
than  the  existing  organs,  chimpanzees  and  gorillas;  the  lower  incisors 
and  canines  are  of  moderate  size,  the  lower  molars  exhibit  the  typical 
"Dryopithecus  pattern,"  with  httle  or  no  wrinkling  of  the  enamel  and 
with  sharp  definition  of  the  cusps;  the  hypoconuUd  is  more  central, 
less  lateral  in  position  than  in  D.  rhenanus  or  in  D.  giganleus;  and, 
as  Smith  Woodward  (1914)  has  shown,  it  is  also  more  primitive  than 
existing  chimpanzees  and  gorillas  in  the  shortness  of  the  symphyseal 
ledge  of  the  mandible.  For  these  reasons  I  have  placed  D.  fontani 
near  the  base  of  the  Dryopithecus  series  (fig.  270). 
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India,  is  represented  by  the  type,  a  third  lower  moiar  vltidi  icsembles 
that  ot  the  gorilla,  except  tliat  it  is  more  prmiitiTe  in  certxin  respects. 
It  exiiibits  the  'Uxth  casp"  which  is  also  found  m  D.  pM^tMaa, 
the  gorilla  and  certain  human  molais.  The  ^xob  may  stand  in 
or  near  the  gorilla  line.  A  rrterred  nrst  Iow«'  molar  <'ig.  285)  shows 
the  Dryopithecus  pattern:  it  is  unusnaQy  wide  across  the  posterior 
moiety,  thus  saggesting  a  hmnan  tooth. 

Dryopithecus  fnatjabicas.  Id  this  >Iiocene  Indian  qtedes  the  third 
lower  molar  'Jig.  250'^  is  much  smaller  than  that  of  D.  cktnjignsis, 
but  it  nevertheless  approaches  even  more  closely  the  corresponding 
tooth  of  the  gorilla  in  the  detailed  pattern  of  the  crown.  The  upper 
molars  and  premolars  'Jig.  251}  referred  to  this  qiecies  by  Pilgrim 
are  highly  important:  oist.  because  they  afford  knowledge  of  these 
parts  in  an  Indian  species  of  Dryopithecus;  secondly,  because  they 
resemble  the  isolated  upper  molars  of  the  European  D.  rkenanus  weU 
enough  to  make  the  generic  reference  of  all  the  Indian  species  more 
certain:  and  tinally.  because  they  show  a  highly  significant  resemblance 
to  the  upper  teeth  ot  gorillas  and  chimpanzees  and  more  remotely 
to  those  of  primitive  men. 

Dryopithecus  giganteus  [Jig.  252).  This  relatively  enormous  third 
lower  molar  from  the  Indian  Miocene  resembles  those  of  modem 
chimpanzees  except  in  its  more  primitive,  less  wrinkled  character. 

Dryopilhecus  rhenanus.  The  upper  {fig.  255)  and  lower  molars, 
{fig.  256).  anti  the  deciduous  last  lower  molar  {fig,  287),  of  this  Lower 
I'lioccnc  species  of  Europe  closely  approach  those  of  modem  chim- 
panzees. The  third  lower  molar  shows  the  "fovea  anterior"  and  the 
"fovea  posterior."  which  are  found  in  some  of  the  Krapina  molars; 
Ihe  fovea  anterior  being  merely  the  vestigial  basin  of  the  trigonid 
ikiid  the  fovea  posterior  being  the  ^>ace  between  the  posterior  cingu- 
luiii,  the  hypoconulid  and  the  entoconid  (cf.  D.  giganteus,  fig.  252). 
As  shown  in  lig.  265.  it  is  possible  that  D.  rhenanus  stands  in  or  quite 
iicar  III  the  line  of  ascent  leading  on  the  one  hand  to  the  "Piltdown 
jaw"  ii'nn  velus)  and  on  the  other  to  the  modem  chimpanzees  of 
Airita. 

i'au  if/Ml  (Jigs.  263-265).  Assuming  pro\-isionaliy  the  correctness 
vf  iiiitcr's  <  oiiduslons,  the  Piltdown  jaw  represents  the  sun-ival  of 
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a  Species  of  chimpanzee  in  England,  probably  in  late  Pleistocene 
times,  existing  there  along  with  other  mammals,  including  man, 
which  had  invaded  Great  Britain  by  way  of  a  broad  land  bridge  from 
the  continent,  and  which  were  related  to  modem  species  now  inhabit- 
ing more  southern  countries,  such  as  elephants,  hippopotami,  rhinoc- 
eroses, hyenas,  lions,  etc.  To  the  same  or  to  an  allied  species  of 
chimpanzee.  Miller  also  provisionally  referred  the  "human"  lower 
molar  (Jig.  267)  found  in  a  Pleistocene  deposit  near  Weimar  in  Ger- 
many and  described  by  Nehring  in  1895. 

Neopithecus  (Jig.  256).  The  exact  systematic  and  phylogenetic 
relations  of  this  third  lower  molar  from  the  Lower  Phocene  of  Europe 
remain  uncertain.  It  is  remarkably  long  in  proportion  to  its  breadth, 
thereby  differing  from  all  the  known  species  of  Dryopithecus  and 
Pliopithecas,  but  the  crown  pattern  looks  like  an  elongated  derivative 
of  that  of  mj  of  Dryopithecus  rhenanus.  It  shows  the  "fovea  anterior" 
and  "fovea  posterior"  of  that  species  and  other  offshoots  of  the 
Dryopithecus  stock.  The  remarkable  contrasts  in  proportions  between 
the  narrow  mj  of  Neopithecus  and  the  very  wide  m*  of  Dryopithecus 
darwini,  suggest  that  we  may  find  corresponding  diiferences  in  the 
proportions  of  the  entire  jaws  of  these  forms;  and  the  further  differ- 
ences in  the  "Dryopithecus  pattern"  of  the  lower  molars  show  that 
there  was  a  wide  adaptive  radiation  of  the  Dryopithecus  stock  in 
mid-Tertiary  Europe  and  Asia,  of  which  we  have  so  far  obtained  only 
a  preliminary  suggestion.  Notwithstanding  the  narrowness  of  the 
mj  of  Neopithecus,  it  resembles  a  human  tooth  to  such  a  degree  that 
Schlosser,  a  high  authority  on  extinct  primates,  at  first  named  it 
"Anthropodus,"  in  allusion  to  its  human  appearance. 

Palaopilhecus  (fig.  257).  In  this  Upper  Phocene  descendant  of  the 
Dryopithecus  group  (which  is  known  from  an  imperfect  palate  with 
much  worn  cheek  teeth),  the  upper  teeth  approach  those  of  the  gorilla 
but  are  smaller  and  more  primitive  in  some  respects.  The  pre- 
molars and  the  molars  are  also  fimdamentally  similar  to  those  of 
primitive  races  of  men,  the  most  conspicuous  difference  being  that 
the  upper  canine  is  much  larger  than  in  man  and  its  apex  extends 
much  below  the  level  of  the  premolars.  The  canine  is  also  separated 
from  the  lateral  incisor  by  a  wide  diastema  for  the  reception  of  the 
lower  canine. 
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Pithecanthropus  (Jig.  269) .  As  noted  above,  the  association  of  gibbon- 
like  skuU  top,  modernized  human  femur,  and  subhuman  upper 
molars  with  reduced  posterior  moiety,  if  all  correctly  assigned  to  one 
animal,  may  perhaps  define  Pithecanthropus  as  an  early  side  branch 
of  the  Hominida:,  an  offshoot  of  the  Dryopithecus  group,  which  had 
early  been  driven  southward  away  from  the  primitive  dispersal 
center,  in  west-central  Asia,  by  the  pressure  of  higher  races. 

In  conclusion,  the  Tertiary  anthropoids  are  of  interest  in  the  present 
connection  because  they  assuredly  afford  prehuman  stages  in  the 
evolution  of  the  dentition.  It  is  true  that  certain  investigators  have 
not  recognized  their  importance,  partly  because  they  are  so  frag- 
mentary; but  it  must  be  remembered  that  the  various  fragmentary 
specimens  supplement  each  other  in  giving  us  a  general  idea  of  the 
characters  of  the  dentition  and  jaws.  Thus  the  lower  incisors  are 
known  in  Parapilhecus,  Pliopithecus,  Dryopithecus  fontani,  and  partly 
in  Sivapithecus;  the  upper  incisors  are  known  in  Pliopithecus  and 
partly  in  Paiaopithecus.  The  lower  canines  are  known  in  Parapilhecus, 
Propliopithecus,  Pliopithecus,  Sivapithecus,  Dryopithecus  jontani;  the 
upper  canines  only  in  Pliopithecus  and  Paiaopithecus.  The  lower 
premolars  are  known  in  representatives  of  all  the  genera  except 
Paiaopithecus.  All  three  lower  molars  are  known  in  all  the  genera 
except  Palaosimia.  The  upper  molars  are  known  in  Pliopithecus, 
Dryopithecus,  Paiaopithecus,  and  possibly  in  Sivapithecus  and  Pithe- 
canthropus. More  or  less  of  the  body  of  the  mandible,  sometimes 
with  part  of  the  ascending  ramus,  is  known  in  Parapilhecus,  Proplio- 
pithecus, Pliopithecus,  Sivapithecus,  and  Dryopithecus  fontani.  The 
third  lower  molar,  which  is  well  guarded  from  disruptive  post-mortem 
agencies  by  the  surrounding  bone,  is  preserved  in  five  of  the  genera 
and  in  all  the  six  species  of  Dryopithecus. 

Notwithstanding  the  warnings  of  those  who  cite  the  principle  of 
"non-correlative  evolution"  (see  Part  V),  palieontologists  have 
been  well  repaid  by  most  diligent  and  minute  comparisons  of  these 
extinct  anthropoid  remains  with  each  other  and  with  the  corre- 
sponding parts  of  surviving  members  of  the  group.  From  such 
comparisons  the  conclusions  may  be  gained,  first,  that  the  mid-Tertiary 
anthropoids  in  dental  structure  fail  well  within  the  limits  of  spedali- 
zalion  set  by  the  modem  orangs,  chimpanzees,  and  gorillas;  secondly, 
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thai  they  afford  several  successive  stages  of  dental  evolution,  represented 
especiaUy  by  Parapithecus,  Propliopithecus,  and  Dryopilhecus ,  begin- 
ning with  a  relatively  low,  almost  tarsioid  stage  and  culminating  in  the 
diverse  genera  of  modem  anthropoids.  The  third  and  most  important 
conclusion,  and  the  one  which  wiU  encounter  the  most  opposition,  is 
thai  the  same  series  also  lies  in  or  near  the  line  of  human  ascent.  Because 
these  mid-Tertiary  primates  arc  named  and  generally  recognized  as 
anthropoids,  Wood  Jones  (1918,  p.  40)  insists  that  none  of  them  can 
be  ancestral  to  man,  partly  because  he,  in  common  with  many  others, 
apparently  expects  the  mid-Tertiary  ancestors  of  man  to  have  only 
recognizably  human  characters.  Tliis  matter  is  so  important  and 
so  critical  a  part  of  our  general  problem  that  it  must  be  reserved  for 
special  discussion  in  the  succeeding  parts  of  this  work.  But  before 
this  can  be  done  effectively  it  seems  necessary  to  make  a  final  review 
and  summary  of  the  chief  characteristics  of  the  anthropoid  dentition, 
as  a  whole  and  in  its  several  parts,  bearing  in  mind  the  phylogenetic 
concept  outlined  in  the  preceding  pages,  and  setting  forth  at  the  same 
time  the  broad  resemblances  and  contrasts  in  dental  characters 
between  anthropoids  and  man, 

SUlUfARV  OF  ANTHROPOID  DENTAL  CHAKACTERS,  RESEUBLANCES  AND 
CONTRASTS  WITH  HUMAN  CONDITIONS 

(1)  The  dental  form4te,  H  Ci  P|  MJ  and  T>H  DC|  DPI,  are  char- 
acteristic of  all  anthropoids  and  primitive  men;  but  a  fourth  molar 
rather  frequently  occurs  in  anthropoids  and  occasionally  in  man. 

(2)  The  incisors,  excepting  the  central  uppers,  are  primitively 
simple  [X)inted  teeth,  with  a  basal  cingulum.  The  central  upper 
incisors,  both  in  anthropoids  and  in  men,  tend  to  become  wide,  and 
in  certain  orangs  and  chimpanzees  they  finally  become  excessively 
large  and  wide,  with  crenate  or  denticulate  edges.  They  often  have 
on  the  lingual  surface  a  central  tubercle  confluent  with  the  cingulum. 
The  lower  incisors  are  relatively  simple,  primitively  rather  narrow, 
not  greatly  expanded  or  crowded,  gently  inclined;  becoming  vertical 
or  even  slightly  recurved  in  man.  The  incisor  crowns  are  often  more 
or  less  curved  or  bent  upon  the  roots  in  accordance  with  the  degree 
of  prognathism  and  of  overbite.    Adjacent  incisors  are  primitively 
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separated  from  each  other,  at  the  base  of  the  crown,  and  in  anthropoids 
the  upper  incisors  are  also  usually  separated  by  diastemata  from  the 
canines.  Diastemata  are  lost  in  man,  probably  in  correlation  with 
reduction  of  canines  and  increasing  verticality  of  incisors.  While 
their  crowns  are  often  in  contact  at  the  inner  and  outer  borders,  the 
incisors  of  anthropoids  are  not  so  crowded  as  to  derange  the  even 
curve  of  the  incisor  arch,  as  they  often  are  in  man. 


Fig.  271.  Comparative  Sebss:  Upfek  and  Lower  Teeth  m  Occlusion  or  Ahihso- 

poiDS  AND  Mah.    From  Sai^nskv,  AnzK  ROsk 

Fig,  .4— Gibbon,  B— Cl>iinpan»ee,  C— Gorilta,  D— M«n 

(3)  The  canines  of  males,  originally  small,  are  progressively  enlarged 
in  all  phyla  of  anthropoids,  the  upper  canines  finally  becoming  sabre- 
like in  the  gibbons  and  tusk-like  in  the  gorilla.  Female  canines 
smaller,  with  lower  crowns.  The  small  size  and  low  crown  of  nonnal 
human  canines  are  very  probably  to  some  extent  retrogressive.  Lower 
canines  biting  partly  in  front  of  uppers,  their  tips  originally  recdved 
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by  diastemata  between  the  lateral  upper  incisors  and  the  upper 
canines.  The  upper  canines  tend  to  align  themselves  with  the  pre- 
molars, while  the  lower  canines  are  rather  associated  with  the  lower 
incisors  (figs.  273,  etc.). 

(4)  Anterior  lower  premolars  (pi)   originally  with  simple  convex 
crown  and  strong  internal  cingulum;  in   forms  with  progressively 


^—Gibbon,  B— Orang,  C— Chimpanzee.  0— Gorilla,  £— Man,  f— Orang  (aduU) 
All  except  ^f.  F  represent  the  deciduous  dentition. 

enlarged  upper  canines  the  antero-external  face  tends  to  become 
enlarged  and  more  or  less  sectorial.  The  stages  Parapithecus,  Pro- 
pliopithecas,  Pliopithecus,  Hylobates,  show  the  evolution  of  the  sec- 
torial premolars  in  the  Hylobatina;  (p.  305),  while  the  first  two  genera 
and  Dryopithecus  give  the  origin  of  the  same  structure  in  the  higher 
anthropoids.    In  Sivapilhecus  (fig.  247)  the  anterior  lower  premolar, 
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I.—BoHU  tapUHS,  of.     fitachyccpbalic  Ctuca- 


■ , ,  G. — EoMo    tiasnderlhaltnsis,     m*.      From     lie 
Pleistocene  of  Kiapina.     After   Gorjanovic-Kiam- 

bergcr. 


\  ¥.—Faiaepilhecui  sivalauii,  of,  m*,  much  worn. 

From  tbe  Pliocene  of  Jobi,  India.    After  Dubois. 


E. — Sim^lheeus  indicus.  Referred  m',  m', 
much  worn.  From  the  Upper  Miocene  of  Harilal- 
j-angar,  India.     Afler  Pilgrim. 


O.^Dryopitkecus  rheKanui.  Lower  Pliocene 
Bobnen  of  the  Swabian  Alps.    From  a  c^t.    (m'.) 

C—Pon  (Anlhropofnihtrui)  sp.  Recent  chim- 
panzee,    (m'.) 


^.—Dryofhhecus  puifjabicus,  m*.     Upper  Mio- 
ene  of  Haiitalj-angar,  India.    After  Pilgrim. 


In  the  more  primitive  members  of  the  series  (A-D)  the  primitive  trigon,  consbting  of 
the  protocone,  paracone,  and  metacone,  is  reinforced  by  the  laige  hypocone,  which  in 
Homo  neanderlhaiatsis  becomes  extremely  prominent,  the  anteroposterior  diameter  of 
the  crown  having  meanwhile  increased.  In  the  final  stage  (1),  in  correlation  with  the 
shortening  of  the  whole  tooth-row  and  with  the  retrogressive  character  of  the  dentition, 
the  hypocone  disappears,  and  the  small  crown  assumes  a  pseudo-tri tubercular  form. 
376 
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while  possessing  some  of  the  sectorial  oblique  face,  is  also  becoming 
distinctly  bicuspid  and  its  parts  may  be  closely  homologized  with 
those  in  primitive  human  stages. 

(5)  Posterior  lower  premolars  (p*)  originally  [Parapithecus)  much 
like  pj,  with  high  apex,  but  with  low  metaconid  and  low  talonid 
cingulum ;  in  some  orangs  acquires  a  submolariform  crown  with  high 
trigonid  and  low  talonid.  In  Sivapilhecus  this  tooth  becomes  strongly 
bicuspid  and  subhuman  in  type,  but  it  retains  two  external  roots. 

(6)  Both  upper  premolars  more  or  less  bicuspid;  in  Dryopithecus 
punjabkus  (fig.  251) ,  gorilla  and  chimpanzee  approaching  the  human 
type  and  closely  comparable  with  it  in  all  their  parts. 

PalsBOntological  experience  warrants  us  in  assigning  a  relatively 
great  phylogenetic  value  to  such  resemblances  in  the  premolar  patterns 
of  different  genera. 

(7)  First  and  second  upper  molars  with  four  cusps  and  rhomboid 
contour,  the  three  primary  cusps  preserving  their  triangular  arrange- 
ment and  situated  at  the  extreme  comers  of  the  tooth.  Hardly  a 
trace  of  the  "primary  trigon"  of  Mesozoic  mammals  is  retained,  the 
external  cingulum  being  vestigial  or  absent  and  the  para-  and  meta- 
cones  widely  separated,  in  correlation  with  the  great  expansion  of  the 
talonid  of  the  lower  molars.  Paracone  usually  larger  and  more 
protuberant  than  metacone,  the  external  border  of  the  crown  often 
sloping  obliquely  inward  toward  the  metacone.  Hypocone  often  oh 
a  lower  level  than  the  protocone  and  projecting  obliquely  backward 
from  the  crest  connecting  the  proto-  and  mctacones.  Carabelli's 
cusp  (protostyle)  not  developed  but  potentially  represented*  by  the 
antero-intemaJ  cingulum.  No  external  styles  or  intermediate  conules. 
Four  cusps  of  varying  height  and  sharpness,  highest  and  sharpest 
in  the  gorilla,  lowest  in  the  orang.  Surface  of  enamel  more  (orang) 
or  less  (gorilla)  furrowed  and  wrinkled.  All  the  above-named  char- 
acters of  the  first  and  second  upper  molars  are  retained  in  primitive 
human  denUtions. 

(8)  Third  upper  molar  of  varying  size  and  form,  the  posterior 
moiety  reduced,  the  hypocone  rarely  large  or  protuberant. 

(9)  First  and  second  lower  molars  with  five  cusps  (the  proto-, 
meta-,  hypo-,  an  entoconid  and    the  hypoconulid)    separated   by 

'  Except,  rarely,  in  the  gibbons 


378 


WILLIAM   K.   GREGORY 


furrows,  the  whole  constituting  the  '^Dryopithecas  pattern,"  which  is 
exhibited  with  minor  modifications  by  all  mid-Terliary  and  later 
anthropoids.  An  allied  and,  as  I  maintain,  a  derived  pattern,  is 
present  in  primitive  Hominidae  (see  below).  A  sixth  cusp,  on  the 
medial  slope  of  the  hypoconulid,  between  the  hypoconulid  and  the 
entoconid,  present  in  orangs,  in  several  members  of  the  Dryopithecus 
group  and  in  certain  primitive  human  dentitions.  "Fovea  anterior" 
(the  reduced  basin  of  the  trigonid)  and  "fovea  posterior"  (the  vestigial 


Fig.  284.  Anthropoid  Hekitage  in  the  Lower  Molar  Pattern  of  Man 


B. — A  primitive  lower  first  molar  of  man,  compared  with  those  of  two  Miocene  an 
thropoids:  (A)  Sivapiihtttn  indkus  (drawn  from  a  cast  of  the  type  specimen)  and  (C) 
Dryopithecus  ckinjUnsis.     After  f^lgrim.     All  figures  X  3/2. 


Fio.  285.  Anthropoid  TIekitage  in  the  Lower  Molar  Pattern  OF  Mam  (Cohtdidxd) 
Comparison  of  B',  B',  the  fossil  human  molar  (left  mt),  discovered  by  the  Selenka 
expedition  near  Trinil,  Java  (A),  with  the  corresponding  molar  of  DryBpUkecta  cinnjiensh. 
B>,  lifter  Deek;  B<,  after  Walkhoff;  A,  after  Pilgrim.    All  figures  X  3/2. 

depression  in  front  of  the  posterior  cingulum)  often  present,  especially 
on  the  third  molar.  Fovea  anterior  often,  and  fovea  posterior  occa- 
sionally, present  in  primitive  human  teeth.  An  external  cingulum 
present  in  the  primitive  Dryopithecus  fontani  (Jg.  248),  but  lost  in 
most  later  types.  First  lower  molar  more  conservative  in  pattern 
than  second  and  still  more  than  third.  Hypoconid  varying  in  relative 
size,  sometimes  [e.g.,  mi  of  Dryopithecus  chinjiensts  (fig.  2S3),  raj 
of  Sivapithecus  (Jig.  247),  many  primitive  human  molars]  projecting 
buccally  beyond  protoconid,  making  posterior  wider  than  anterior 
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moiety  of  tooth,  Hypoconid  crowded  toward  protoconid  and  ento- 
conid  further  removed  posteriorly  from  metaconid,  as  hypoconulid 
enlarges  and  shifts  from  medial  to  lateral  position.  In  man  {figs. 
2S4,  265)  a  secondary  enlargement  of  the  entoconid  finally  brings 
the  furrow  between  the  entoconid  and. the  metaconid  into  transverse 
alignment  with  the  furrow  between  the  protoconid  and  the  hypoconid. 
This  process,  accompanied  by  an  equalization  in  size  of  the  four  main 
cusps  and  by  a  reduction  ■of  the  hypoconulid,  finally  results  in  a 
+-shaped  pattern  of  ihe  furrows  and  a  subquadrate  contour,  of  the 
whole  tooth  {fig.  265) ;  but  many  stages  in  the  evolution  of  the  new 
pattern  from  the  " Dryopitkecus  pattern"  may  be  traced, 

(10)  Third  lower  molar  of  varying  size  and    form,  sometimes 
{Neopilkecus .  fig   256)  long  and  narrow,  sometimes   (Dryopitkecus 


Fio.  286.  Antsbopoid  Hebitage  in  the  Lowek  Molar  Pattern  or  Man  (Continued) 
All  Ficckes  X  3/2 

A. — Dryopilhecui  ckinjiaisis.    Upper  Miocene,  India.     Left  mi.     After  Pilgrim. 

B. — Borne  sapiens.    Left  mi,  from  the  mandible  of  an  Indian  ctiitd. 

C. — Homo  sapiens.     Lett  mi  of  an  adult  Australian  black  ( 9 ). 

In  the  prinutive  anthropoid  (A)  the  molar  crown  is  elongate,  the  posterior  moiety 
b  not  wider  th"n  the  anterior  moiety,  and  Ihe  entoconid  is  relatively  small.  In  man 
the  opposite  proportions  are  usually  found.  But  Ihe  pattern  of  the  crown  in  primitive 
human  types  is  fundamentally  the  same  as  in  Dryapilheciis  and  Sivapilhecvs,  consbting  of 
five  and  sometimes  six  cusps  arranged  in  the  same  manner.  The  main  furrows  also  are 
arranged  in  much  the  same  way,  e^icept  that  in  man,  through  the  great  enlargement  of 
the  entoconid,  the  furrow  that  bounds  the  hypoconid  internally  is  more  or  less  excluded 
from  contact  with  the  base  of  the  metaconid.  In  specialized  human  types  Ihe  lower 
molars  often  lose  the  hypoconulid  and  also  the  sixth  cusp  (6):  they  become  more  or  less 
rounded  or  »]brircutar  in  outline  and  the  main  furrows  often  tend  to  arrange  them- 
felvei  io  a  +-shaped,  or  cruciform  pattern. 
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Fic.  287.  Lower  Posterior  Deciduous  Premolar  of  (D)  Homo  sapiau,  (C)  Choi- 
PANZEE,  (B)  DryopUhtcus  rhtnanus  (from  a  Cast);   Compared  with 
(A)  A  Permanent  Molab  of  ak  Eocene  Tarsioid  (Omomvs) 
A',  A'  X  3/1;  remaining  figures,  X  3/2. 

In  man  (D)  the  luberculosertorial  pattern  of  the  last  lower  deciduous  molar  is  di»- 
guised,  but  in  Dryopilhecus  it  was  largely  retained. 


f  IS.  288.  Inferior  DEcrouous  Premolars  op  (A',  A')  Chimpanzee  and  of  (B',  B') 
Homo  lapiais,  Showing  Agreement  in  Fundamental  Pattern 
As  in  tlie  case  of  the  upper  deciduous  molars,  the  anterior  lower  one  in  man  ia  more 
molariform  than  in  the  chimpanzee,  which  thus  retains  a  more  primitive  pattem_in  this 
tooth,  as  in  others.    X  J/2. 


Fio.  289.  Superior  Deciduous  Molars  of  fA)  Cbiupanzee  and  or  (B)  Bono  sapient. 
Showing  Acbeement  in  Fundamental  Pattern 
The  last  deciduous  premolar,  as  in  all  other  mammals,  is  molariform.     X  3/2. 
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darmni.fig.  253)  short,  wide  and  rounded,  approaching  human  types. 
Sixth  cusp  and  fovese  as  described  above.  Hypoconulid  usually 
more  lateral  in  position  than  it  is  in  nii,  vcii.  Breadth  of  mj  across 
posterior  moiety  varying  with  the  size  and  prominence  of  hypoconid 
and  metaconid,  sometimes  (Sivapithecus,  Dryopithecus  chinjiensis) 
becoming  wider  than  anterior  moiety,  as  it  is  often  in  man, 

(U)  Deciduous  dentition  almost  unknown  in  extinct  anthropoids, 
except  posterior  deciduous  molar  (dpi)  of  Dryopithecus  rhenanus 
{fig.  287),  which  is  more  primitive  than  that  of  a  modem  chimpanzee 
in  retaining  more  than  distinct  traces  of  the  primitive  tuberculo- 
sectorial  pattern:  the  trigonid  being  smaller  and  higher  than  the 
talonid,  the  hypoconid  less  protuberant  laterally.  "Dryopithecus 
pattern"  in  slightly  modified  form.  Homologous  tooth  of  an  Indian 
child  {fig.  288)  exhibiting  similar,  but  further  modified,  form  of 
"Dryopithecus  pattern,"  the  +-shaped  pattern  of  the  permanent 
molars  not  being  developed;  trigonid  on  same  general  plane  with 
talonid,  hypoconulid  large  and  well  defined,  metaconid  shifted  to 
lingual  border  of  crown,  and  size  of  four  main  cusps  subequal, 

(12)  Posterior  upper  deciduous  premolar  molariform  (as  in  most 
other  mammals),  with  sharply  ridged  secondary  trigon  and  prominent 
hypocone.  The  homologous  tooth  of  man  closely  similar  in  general 
type  but  with  expanded  protocone  and  central  fossa. 

(13)  Anterior  lower  deciduous  molar  (dpj)  in  recent  anthropoids 
of  subsectorial  type  with  more  or  less  flattened  antero-external  shear- 
ing face  and  low  talonid,  correlated  with  more  or  less  compressed 
and  shearing  deciduous  canines.  Corresponding  tooth  in  man  of 
plainly  derived  pattern  but  considerably  modified:  anterior  moiety 
Don-sectorial,  in  correlation  with  small  size  of  deciduous  canines, 
posterior  moiety  (talonid)  more  expanded  in  correlation  with  expan- 
sion of  occluding  protocone  of  posterior  upper  deciduous  molar. 

(14)  Upper  and  lower  deciduous  canines  of  anthropoids  very  much 
smaller,  shorter,  and  less  tusk-like  than  the  permanent  canines. 
Deciduous  canines  of  human  races  normally  of  same  generic  type  as 
permanent  canines,  but  plainly  representing  shortened  modifications 
of  the  homologous  teeth  of  primitive  anthropoids;  lower  deciduous 
canines  of  man  set  more  erectly  in  mandible  than  those  of  anthropoids, 
their  tips  not  normally  exposed  laterally  in  occlusion,  but  covered 
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Ftc.  293.  GOKILLA 


Fig,  292.  Chimpanzee 
Fics.  290  TO  294,  iNCtosrvE,    CoMPASAnvz  Seiues:  DEcrouous  Upper  Teeth  of 
Anthbopoids  and  Man.    Reasrakgbd  fboic  Salenskv,  aftek  RdSE 
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Fic.  295.  GiBBOK 


ni 
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Fic.  29S.  Gobilla 


Fig.  297.  Chuipanzee 


Fios,  295   TO   299.    Inclusive.    Cohparative   Sebiks;    Deciduous    Lower   Teeth. 
Reabranced  frok  Salenskv,  After  ROse 
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by  adjacent  parts  of  lateral  upper  incisor  and  upper  canine;  the  last 
two  not  separated  by  diastema  as  they  are  in  anthropoids. 

(15)  Deciduous  incisors  of  anthropoids  and  men  representing 
smaller  and  narrower  variants  of  the  homologous  permanent  incisors 
of  the  same  genus.  Himian  upper  and  lower  deciduous  incisors  set 
more  erectly  in  jaws. 

(16)  With  regard  to  the  chronological  order  of  eruption  of  the 
deciduous  teeth,  in  orang,  chimpanzee,  and  gorilla,  according  to 
Selenka  (1898,  pp.  131-141),  the  deciduous  canine  is  the  last  to 
erupt,  whereas  in  man,  according  to  Tomes,  the  deciduous  canines 
are  usually  the  next  to  the  last. 

As  to  the  eruption  of  the  permanent  teeth,  in  anthropoids  the 
permanent  canines  erupt  after  the  premolars,  as  in  man.  In  man 
the  second  and  still  more  the  third  molars  are  delayed  in  eruption. 
Otherwise  the  general  order  of  eruption  of  both  sets  is  simUar  in 
anthropoids  and  man. 

(1 7)  Form  of  dental  arches  highly  variable  in  anthropoids  (Hellman, 
1918,  1919),  the  upper  more  than  the  lower.  Lower  and  probably 
upper  arch  pointed  in  front  in  the  primitive  genus  Parapithecus; 
opposite  rows  of  upper  cheek  teeth  often  strongly  divergent  in  front 
in  highly  specialized  modem  anthropoids  with  greatly  enlarged  and 
tusk-like  upper  canines.  Diastemata  behind  upper  incisors  becoming 
large  in  forms  with  tusk-like  canines.  Opposite  rows  of  lower  cheek 
teeth  often  more  or  less  parallel. 

Upper  incisor  arches  varying  more  or  less  with  the  form  and  incli- 
nation of  the  incisors  and  with  the  varying  relations  of  the  centrals 
and  laterals;  often  pointed  in  individuals  with  narrow  centrals,  wide 
and  flat  in  those  with  wide  centrals  and  much  protruded  laterals. . 
These  diverse  specializations  probably  less  pronounced  in  Dryopithecus  . 
rhenanus  than  in  modem  anthropoids. 

In  man  curve  of  upper  dental  arch  normally  more  or  less  elliptical, 
parabolic  or  hyperbolic  (Leavitt,  1919),  but  opposite  tooth  rows 
more  nearly  parallel  in  some  extremely  dolichocephalic  Australians. 
In  general  the  human  dental  arch  (Jigs.  303,  304,  277)  is  relatively 
shorter  and  wider,  and  its  sides  more  convergent  in  front,  than  those 
of  anthropoids,  this  condition  being  associated  especially  with  the 
increased  width  of  the  intercondylar  diameter,  with  the  reduction 
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of  the  canines  and  with  the  more  vertical  position  of  the  incisors. 
The  human  teeth  are  normally  placed  in  a  closed  series,  the  loss  of 
the  diastemata  being  associated  with  the  conditions  described  above. 
From  very  early  times  there  is  a  marked  tendency  for  the  incisors 
to  become  crowded  so  as  to  overlap  at  the  edges.  The  lower  canines 
tend  to  be  aligned  with  the  incisor  arch,  the  upper  canines  with  the 
cheek  teeth,  the  upper  canine  showing  a  tendency  to  become  premolari- 
form.  The  wide  differences  between  modem  men  and  anthropoids  in 
the  form  of  the  dental  arches  (Jig.  277)  is  perhaps  even  greater  than 
the  differences  between  them  in  the  form  of  the  canine  teeth.  If 
tiie  Piltdown  jaw  be  associated  with  the  Plltdown  skull  it  affords 
an  example  of  an  anthropoid  type  of  lower  dental  arch  in  a  human 
or  subhuman  race;  but  the  association  is  denied  by  some  authorities 
on  apparently  valid  grounds.  Again  if  Smith's  restoration  (1918) 
of  the  upper  dental  arch  of  the  Talgai  man  is  correct,  we  have  an 
almost  anthropoid  form  of  upper  arch  in  a  human  skull.  But  the 
correctness  of  this  restoration  is  denied  by  Hellman,  who,  after 
examining  the  cast  of  the  original,  holds  that  if  the  canine  be  put 
in  its  right  place  and  the  distortion  of  the  tooth  rows  be  corrected,  the 
upper  arch  will  be  not  very  dissimilar  to  that  of  the  Neanderthaloids. 
For  the  present,  then,  it  is  conservative  to  affirm  that,  with  regard 
to  the  differences  between  anthropoids  and  men  in  the  form  of  the 
dental  arches,  there  is  as  yet  no  generally  accepted  palaeontological 
evidence  of  transitional  stages.  Nevertheless  the  comparative  ana- 
tomical evidence  {e.g.,  figs.  218,  258,  302)  shows  that  forwardly 
diverging  tooth-rows  are  associated  with  tusk-like  canines,  long  jaws, 
and  other  conditions  noticed  above,  while  converging  tooth-rows  are 
associated  with  reduced  canines,  short  jaws,  and  widened  inter- 
condylar diameters.  In  man  the  great  widening  of  the  tongue  may 
also  have  contributed  to  the  end  result. 

EVIDENCE  OF  THE  DENTITION  AS  TO  THE  PHVLOGENETIC  RELATIONSHIPS 
OF  THE   SIMIID.«  WITH   THE   HOMINID^ 

In  spite  of  the  differences  between  men  and  anthropoids  in  the  size 
of  the  canines  and  incisors,  and  in  the  form  of  the  dental  arches,  it 
is  quite  obvious  from  the  foregoing  review  that  the  resemblances 
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are  far  ir.ore  numerous,  detailed  and  fundamental  than  the  differences, 
both  in  the  permanent  and  in  the  deciduous  dentures.  Of  all  known 
primates  the  anthropoids  stand  by  far  the  nearest  to  man  in  the 
totality  of  their  dental  characters;  the  Platyrrhinie  are  much  further 
off,  while  the  position  of  Tarsius  is  extremely  remote.  The  natural 
assumption  that  these  degrees  of  resemblance  correspond  roughly 
to  degrees  of  kinship  would  doubtless  be  denied  by  Wood  Jones,  who 
holds  that  many  of  the  resemblances  of  man  to  the  anthropoids  have 
been  independently  acquired  and  that  man's  nearest  existing  relative 
is  Tarsius.  But  his  arguments  have  been  discussed  by  several 
eminent  authorities  and  shown  to  have  little  weight.* 

Although  some  palaeontologists,  anatomists,  and  anthropologists 
may  be  inclined  to  discount  the  phylogenetic  value  of  the  numerous 
resemblances  in  the  dentition  between  anthropoids  and  men  and  to 
ascribe  them  largely  to  "convergence,"  the  resemblances  in  question 
are  so  intimate  and  fundamental  that  the  case  seems  rather  to  fall 
under  a  general  principle  enunciated  by  Osbom  (1908)  and  familiar 
to  all  close  students  of  mammalian  phylogeny,  namely,  that  identical 
characters  are  often  developed  by  divergent  descendants  of  a  common 
stock.  Another  applicable  principle  is  that,  in  general,  the  mori 
numerous  and  detailed  are  the  special  resemblances  between  divergent 
offshoots  of  a  common  stock  the  nearer  is  the  relationship  between 
them;  a  third  is  that  while  general  resemblances  between  single  parts 
of  the  dentition  are  often  produced  by  convergent  evolution  In  widely 
different  stocks  in  adaptation  to  similar  habits,  coincident  resemblances 
in  the  dental  formula  of  both  dentures,  and  in  the  fundamental  plan 
and  even  minor  details  of  each  tooth,  are  not  found  to  exist  between 
members  of  widely  unrelated  families.  In  other  words  a  similar 
"habitus"  in  parts  of  the  dentition  is  sometimes  assumed  by  members 
of  different  stocks,  but  on  close  examination  their  "heritage"  is  seen 
to  be  different.  For  example,  among  the  "pseudo-horses,"  or  horse- 
like  litoptern  ungulates  of  the  Miocene  of  Patagonia,  the  upper  molar 
teeth  bear  a  superficial  resemblance  to  those  of  Mesohippus  and  other 
three-toed  horses,  but  the  dental  formula  and  the  incisor  teeth  are 
different,  and  upon  close  examination  even  the  patterns  of  the  molars 

'  See  a  recent  discussion  of  ihe  loological  position  and  relntionships  of  Tarsius.  Pr»- 
crrdings  af  fir  Zootogiral  Soficly  of  London.  1920  (Feb.),  p.  465. 
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and  premolars,  although  superficially  similar,  are  seen  to  differ  in 
certain  important  diagnostic  characters  that  separate  the  "pseudo- 
horses"  and  their  allies  from  the  true  horses.  When,  on  the  contrary, 
we  compare  the  dentition  as  a  whole  of  anthropoids  and  men  we  find 
that  they  resemble  each  other  in  their  heritage  of  ancient  common 
characters  but  differ  widely  in  their  habitus  of  lately  acquired  speciali- 
zations, such  as  those  of  the  incisor  and  canine  teeth  and  dental 
arches. 

Most  authorities  are  willing  to  admit  that  the  anthropoids  are  the 
nearest  existing  relatives  of  man,  although  many  regard  the  Hominidie 
as  an  exceedingly  ancient  stock  which  may  have  diverged  from  the 
group  that  gave  rise  to  the  Simiids  in  Eocene  or  even  earlier  time^. 
But  Ike  conclusion  indicated  by  the  foregoing  review  of  the  dentition  and 
to  which  all  the  rest  of  my  investigations  have  also  led,  is  that  the  Hominida 
have  been  derived  from  the  Dryopithecus  group  of  the  Simiida  in  the 
late  Tertiary.  This  conclusion  is  supported  by  the  concurrent  testi- 
mony of  comparative  anatomy,  which  as  will  presently  be  shown, 
points  to  a  very  near  relationship  of  the  HominidEe  to  the  gorilla- 
chimpanzee  division  of  the  Simiida, 

In  the  preceding  pages  (Fart  IV)  our  attention  has  been  focussed 
first  upon  the  dentition  of  recent  and  fossil  anthropoids,  secondly 
upon  the  resemblances  and  contrasts  between  the  dentition  of  anthro- 
poids and  that  of  men,  and  thirdly  upon  the  phylogenetic  relation- 
ships of  the  two  families,  SimiidK  and  Hominjdse,  in  so  far  as  it  may 
be  inferred  from  the  foregoing  evidence.  In  Part  V  we  may  consider 
in  more  detail  the  dental  characters  of  extinct  and  recent  races  of 
man,  dealing  again  with  their  resemblances  with  and  differences  from 
the  anthropoids,  and  considering  such  objections  to  the  foregomg 
conclusions  as  are  based  on  the  deficiency  of  palxontological  evidence. 


PART  V 

Later  Stages  in  the  Evolution  of  the  Human 

Dentition;  with  a  Final  Summary 

and  a  Bibliography 


T.  ORIGIN  AND  RISE  OF  MAN   (SERIES  CATARRHIN.E, 
FAMILY  HOMINIDvE) 

introduction:  present  diversity  and  confusion  of  opinion 
regarding  the  ancestry  of  man 

Darwin,  in  his  immortal  work  on  "The  Descent  of  Man,"  says  (p. 
200) :  "  It  would  be  beyond  my  limits  and  quite  beyond  my  knowledge, 
even  to  name  the  innumerable  points  of  structure  in  which  man  agrees 
with  the  other  Primates.  Our  great  anatomist  and  philosopher, 
Professor  Huxley,  has  fully  discussed  this  subject,'  and  concludes 
that  man  in  all  parts  of  his  organization  differs  less  from  the  higher 
apes  than  these  do  from  the  lower  members  of  the  same  group.  Con- 
sequently 'there  is  no  justification  for  placing  man  in  a  distinct 
order.'"  In  another  passage  Darwin  says:  "Now  man  unquestion- 
ably belongs  in  his  dentition,  in  the  structure  of  his  nostrils,  and  some 
other  respects,  to  the  Catarrhine  or  Old  World  division;  nor  does  he 
resemble  the  Platyrrhines  more  closely  than  the  Catarrhines  in  any 
characters,  excepting  in  a  few  of  not  much  importance  and  apparently 
of  an  adaptive  nature.  It  is  therefore  against  all  probability  that 
some  New  World  species  should  have  formerly  varied  and  produced 
a  man-like  creature,  with  all  the  distinctive  characters  proper  to  the 
Old  World  division;  losing  at  the  same  time  all  its  own  distinctive 
characters.  There  can,  consequently,  hardly  be  a  doubt  that  man 
is  an  offshoot  from  the  Old  World  Simian  stem;  and  that,  under  a 
genealogical  point  of  view  he  must  be  placed  with  the  Catarrhine 
division"  (pp.  205,  206). 

Again  (pp.  206-207):  "If  the  anthropomorphous  apes  be  admitted 
to  form  a  natural  sub-group,  then  as  man  agrees  with  them  not  only 
in  all  those  characters  which  he  possesses  in  common  with  the  whole 
Catarrhine  group,  but  in  other  peculiar  characters,  such  as  the  absence 
of  a  tail  and  of  callosities,  and  in  general  appearance,  we  may  infer 
that  some  ancient  member  of  the  anthropomorphous  sub-group  gave  birth 
lo  man  [italics  mine] It  is  not  probable  that,  through 

■  Evidences  aa  lo  Man'a  Place  in  Nature,  1863,  p.  70,  et  passim. 
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the  law  of  analogous  variation,  a  member  of  one  of  the  other  lower 
sub-groups  should  have  given  rise  to  a  man-like  creature,  resembling 
the  higher  anthropomorphous  apes  in  so  many  respects.  No  doubt 
man,  in  comparison  ■with  most  of  his  allies,  has  undergone  an  extra- 
ordinary amount  of  modification,  chiefly  in  consequence  of  Ike  great 
development  of  his  brain  and  his  erect  position  [italics  mine];  neverthe- 
less, we  should  bear  in  mind  that  he  'is  but  one  of  several  exceptional 
forms  of  Primates.' "' 

During  the  fifty  years  which  have  elapsed  since  these  words  were 
first  published  the  evidence  for  their  exact  truth  has  become  so  vast 
in  extent  that  no  single  investigator  fully  understands  more  than  a 
part  of  it.  Darwin's  passages  quoted  above  seem  indeed  to  have 
been  lost  sight  of  under  the  accumulation  of  details.  Nevertheless 
all  those  who  have  succeeded  in  retaining  a  view  of  the  field  as  a  whole 
and  who  have  not  allowed  themselves  to  be  misled  by  minor  diffi- 
culties, have  always  clearly  perceived  the  truth  and  manifold  impli- 
cations of  the  following  propositions: 

1.  That  man  is  a  member  of  the  order  Primates. 

2.  That  man  is  an  offshoot  not  of  the  platyrrhine  but  of  the  catar- 
rhine  or  Old  World  division  of  the  apes  and  monkeys. 

3.  That  man  is  descended  from  some  ancient  member  of  the 
anthropomorphous  sub-group  of  the  catarrhine  division. 

Of  course  a  great  number  of  zoologists  besides  Darwin,  such  as 
Linn£us,  Blumenbach,  Cuvier,  Owen,  Huxley  Haeckel,  had  provided 
the  material  for  these  generalizations,  but  Darwin  displayed  his  usual 
skill  and  sagacity  in  synthesising  the  results  of  comparative  anatomy 
with  those  of  taxonomy  and  in  deriving  therefrom  the  most  important 
genealogical  deductions. 

Now  it  is  the  universal  experience  of  mankind  that  it  is  not  enough 
to  discover  and  proclaim  the  truth  once  for  all.  For  no  sooner  has 
the  truth  been  discovered  and  proclaimed  than  schismatics  and  here- 
tics begin  their  destructive  but  inevitable  analyses.  If  it  is  to  sur- 
vive, the  truth  must  be  defended  and  renewed  generation  after  gen- 
eration by  those  who  perceive  the  truth.  And  so  it  is,  with  regard 
to  the  truths  of  man's  taxonomic  relationships  and  genealogical 
origin,  as  perceived  by  Darwin,  Huxley,  Haeckel,  Gaudry  and  many 

'  Si.  George  Mivart:  Transactions  of  Ike  PkUosopkUai  Society,  1867,  p.  410. 
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Others.     These  truths  are  in  danger  of  being  crowded  out  of  sight 
by  many  "heresies." 

If  any  of  these  opposing  views  of  man's  origin  is  true,  much  of  the 
present  review  of  the  evolution  of  the  human  dentition  is  worthless. 
But  as  space  is  lacking  for  a  detailed  examination  of  each  one,  I  shall 
attempt  only  to  Ust  a  few  of  the  more  important  and  to  indicate  the 
general  nature  of  my  objections  to  each. 

(1)  The  "Tarsius  theory"  of  Wood  Jones  (1918),  called  the  "new 
heresy  of  man's  descent "  by  Pocock  (1920) ,  but  really  dating  in  essentials 
to  Cope  (1882)  and  Bubrechl  (1897).  This  hypothesis,  which  con- 
siders Tarsius  as  the  nearest  living  relative  of  man,  was  discussed  at 
length  by  a  number  of  eminent  anatomists  and  zoologists,  in  a  special 
"Symposium  on  Tarsius"  in  the  Proceedings  of  the  Zoological  Society 
of  London,  for  1919.  The  consensus  of  their  opinion  was  that  the 
hypothesis  is  based  on  incorrect  interpretation  of  relatively  unim- 
portant points  of  ^reement  between  Tarsius  and  man.  The  hypothe- 
sis has  ako  been  considered  and  rejected  by  Gerrit  S.  Miller  (1920) 
and  by  R.  I.  Pocock  (1920),  and  it  has  been  referred  to  from  time  to 
time  in  other  parts  of  this  review.  In  my  opinion  it  rests  upon  a 
wholly  incorrect  analysis  of  the  taxonomic,  palsontological  and  ana- 
tomical evidence  bearing  on  the  evolutionary  histories  both  of  man 
and  of  Tarsius.  In  discussing  the  anatomical  characters  of  man, 
Wood  Jones  shows  that  he  does  not  know  how  to  distinguish  the 
"habitus"  of  more  recently  acquired  characters,  by  which  man  is 
adapted  to  his  peculiar  life  habits,  from  his  "heritage,"  which  he 
shares  in  common  with  the  anthropoid  apes.  He  also  fails  to  appre- 
ciate the  fact  that  the  catarrhine  or  Old  World  series  is  a  natural 
group  and  that  man  belongs  with  the  anthropomorphous  subdivision 
of  that  group.  Thus  he  ridicules  the  "Linnaean  system"  without 
knowing  how  to  make  effective  use  of  it. 

(2)  Misapplication  of  the  "law  of  polypkyletic  evolution."  Adloff 
(1908),  totally  ignoring  the  facts  of  taxonomy  and  paleontology,  gives 
a  fanciful  diagram  of  the  supposed  genealogical  relationships  of  man 
and  other  primates,  in  which  each  group  is  made  to  run  back  on 
parallel  lines  which  are  just  as  far  apart  in  earher  geological  epochs 
as  they  are  at  present.  Such  parallelogenic  concepts,  as  they  may 
be  called,  must  imply  that  the  very  numerous  special  resemblances 
between  man  and  the  anthropoids  are  wholly  due  to  "parallelism" 
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and  "convergence,"  neglecting  the  well  established  principle  that  the 
closer  the  parallelism  the  closer  the  relationship.  Other  forms  of 
the  "polyphyletic"  view,  while  less  extreme  than  that  of  Adloff,  rest 
on  the  erroneous  inference  that  because  some  other  phyla  of  mammals 
have  been  shown  to  run  far  back  into  the  Lower  Tertiary,  therefore 
the  human  line  does  also.  This  bald  "fallacy  of  the  undistributed 
middle"  is  quite  popular  at  the  present  time,  especially  among  pals- 
ontologists,  who,  in  their  otherwise  praiseworthy  caution,  are  very  apt 
to  ignore  the  cumulative  evidence  for  the  relatively  close  relation- 
ship of  man  with  the  anthropoids. 

An  extreme  and  peculiar  form  of  the  "multiple-origin"  idea  has 
lately  been  produced  by  Sera  (1917),  According  to  his  pbylogenetic 
diagram,  the  group  of  Primates  comprises  many  parallel  offshoots  from 
the  theromorph  reptiles  coming  down  through  the  later  ages  and  giving 
rise  to  different  races  of  men,  apes  and  monkeys,  some  of  the  phyla, 
however,  recombining  In  relatively  recent  times!  Such  a  concept 
may  be  acceptable  to  some  of  those  who  reject  the  whole  Limuean 
system  of  classification  as  a  totally  arti&cial  device,  but  it  can  never 
be  viewed  seriously  by  those  who  are  convinced  from  experience  that 
the  families  of  the  Primates  are  natural  groups,  i.e.,  the  diversified 
descendants  of  remote  common  stocks. 

(3)  Misapplication  of  the  "law  of  the  irreversibility  of  evolution." 
Because  (a)  evolution  is  irreversible  in  one  sense,  and  because  (b) 
in  many  wellknown  cases  remote  ancestral  forms  foreshadow  their 
highly  specialized  descendants,  and  because  (c)  man  is  evidently  now 
widely  different  from  the  anthropoids,  it  is  erroneously  assumed  that 
the  early  Tertiary  ancestors  of  man  must  have  been  man-like.  Ergo 
they  must  have  had  large  foreheads,  small  canines,  an  erect  posture 
and  human  feet !  This  view  ignores  the  important  principle  of  "change 
of  function"  by  which  human  have  been  derived  from  unhuman  char- 
acters. The  matter  is  touched  upon  below  and  will  be  more  fully 
dealt  with  in  other  papers. 

(4)  "Uniformily  in  the  rale  of  evolution."  It  is  often  implied  that 
the  second  half  of  the  Tertiary  Period  (amounting  perhaps  to  a  couple 
of  million  years)  is  too  short  a  time  for  man  to  have  evolved  from  a 
primitive  anthropoid,  because  during  the  last  few  thousands  of  years 
the  change  has  been  slight  or  negligible,  and  because  evolution  is 
somehow  assumed  to  have  proceeded  at  a  uniform  rate.    But  this 
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view  ignores  the  overwhelming  evidence  that  rates  of  evolution  are  as 
variable  and  as  specific  as  anatomical  characters  themselves. 

(J)  Misapplication  of  the  "law  of  non-correlative  evolution."  Bal- 
zac's famous  version  of  Cuvier's  principle  of  correlation  is  admittedly 
erroneous.  Hoofs  are  not  invariably  associated  with  herbivorous 
dentitions.  But  from  such  facts  the  generalization  has  been  drawn 
that  there  is  no  correlation  of  parts.  The  real  fact  is,  however,  that 
there  are  all  degrees  of  correlation  of  parts  from  zero  to  100.  If  we 
find  the  highly  characteristic  lower  molars  of  an  extinct  species  of 
anthropoid  ape  closely  allied  to  the  chimpanzee,  there  is  little  risk  in 
assuming  that  the  upper  molars  and  even  the  rest  of  the  dentition 
will  also  be  more  or  less  like  the  corresponding  parts  of  a  chimpanzee. 
And  if  we  find  that  the  several  species  of  Miocene  anthropoids  all 
have  less  specialized  teeth  than  those  of  their  modem  relatives,  it 
seems  conservative  to  assume  that  even  the  limbs  were  nearer  to  a 
primitive  anthropoid  type,  always  making  allowances  for  peculiar  and 
unexpected  characters.  But  this  is  precisely  the  kind  of  inference  that 
we  are  warned  against  by  those  who  point  to  the  "principle  of  non- 
correlative  evolution"  and  who  insist  on  waiting  for  "more  fossils 
and  many  more  fossils"  before  making  full  use  of  those  that  we  have. 

The  present  diversity  and  confusion  of  opinion  regarding  the  prob- 
lem of  man's  ancestry  has  partly  resulted  from  the  regrettable  isola- 
tion and  lack  of  coordination  of  research  on  the  part  of  the  following 
classes  of  workers : 

(A)  Such  anatomists  as  have  become  lost  in  the  vast  field  of  descrip- 
tive and  unphylogenetic  anatomy,  who  do  not  realize  that  it  is  futile 
to  make  comparisons  of  the  conditions  represented  in  a  few  widely 
separated  twigs  on  the  great  phylogenetic  tree  of  the  vertebrates,  who 
do  not  feel  the  need^  proceeding  systematically  to  examine  a  given 
structure  in  closely  related  forms  before  passing  to  comparisons  on  a 
wider  scale,  who  in  a  word  ignore  the  taxonomic  positions  of  the  forms 
they  have  dissected;  who  too  often  ignore  also  the  available  palteonto- 
logical  and  comparative  evidence  concerning  the  history  of  the  forms 
examined. 

(B)  Such  anthropologists  as  lack  a  practical  and  effective  knowledge 
of  mammalian  evolution. 

(C)  Such  paleontologists  as  realize  too  keenly  the  insufficiency  of 
the  palfeontological  evidence,  but  who  do  not  realize  that  in  many 
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cases  the  e\idence  of  taxonomy  and  comparative  anatomy  may  often 
surely  supply  that  which  the  palxontological  record  lacks.  It  is 
literally  true  that  in  many  cases  the  evidence  of  morphology  and  tax- 
onomy is  complete  and  con\'incing,  while  the  e\idence  of  paheontology 
is  defective.  In  the  case  of  man,  for  instance,  the  taxonomic  and 
morphologic  evidence  for  Darwin's  conclusions  is  overwhelming,  while 
the  palsontologic  evidence  Is  extremely  imperfect.  And  yet  pals- 
ontologists  have  so  long  asserted  that  the  final  decision  must  always 
rest  with  palaeontology  that  morphologists  have  weakly  and  quite 
unnecessarily  concurred. 

(D)  Such  writers  of  semi-popular,  semi-scientific  articles  as  desire 
either  to  record  something  new  and  startling,  or,  with  praiseworthy 
caution,  suggest  that  the  whole  subject  of  man's  ancestry  is  a  "mys- 
tery" and  that  the  most  that  can  be  safely  admitted  is  that  man  is 
derived  from  some  as  yet  wholly  unknown  form  of  Primate. 

(E)  Such  scientists  and  others  as  are  ashamed  of  their  poor  rela- 
tions and  are  looking  for  more  genteel  ancestors  than  the  brutal  and 
disgusting  apes.* 

COMPARATIVE  ANATOMICAL  AND  OTHER  EVIDENCE  SHOWING  THE  RELA- 
TIVELY CLOSE  KINSHIP  OF  MAN  WITH  THE  ANTHROPOID 
APES 

For  thirty  years  past  Professor  Arthur  Keith,  of  the  Royal  College 
of  Surgeons  in  London,  has  been  collecting  the  data  resulting  from 
his  own  and  from  other  investigators'  observations  on  the  compara- 
tive anatomy  of  anthropoid  apes  and  man.  From  time  to  time  he 
has  assorted  these  observations  and  presented  the  results  in  numerical 
form  (1911. 1916).  Of  1065  human  characters  he  gives  312.  or  about 
one-third,  as  peculiar  to  man,  and  a  total  of  623  shared  by  man  with 
one  or  another  of  the  anthropoids  or  with  all  of  them  together;  the 
remaining  120  human  characters  are  held  in  common  either  with  Old 
World  monkeys  (S3),  with  New  World  monkeys  (60)  or  with  lemurs  (1 7). 

These  figures,  especially  the  high  number  of  human  characters 
shared  by  man  with  one  or  more  anthropoids,  and  the  large  number 
of  peculiar  human  characters  are  in  harmony  with  Darwin's  conclu- 
sions, "  that  some  ancient  member  of  the  anthropomorphous  subgroup 

'  Od  this  head  compare  Wood-Jones's  remarks  (191S)  on  the  degrading  effect  of  Dar- 
win's theory  on  mankind. 
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gave  birth  to  man,"  and  that  "man,  in  comparison  with  most  of  his 
allies,  has  undergone  an  extraordinary  amount  of  modification,  chiefly 
in  consequence  of  the  great  development  of  his  brain  and  his  erect 
position,"  But  that  a  mere  summation  of  characters  is  not  always 
sufficient,  is  fully  recognized  by  Professor  Keith  and  is  further  indi- 
cated by  the  fact  that  in  the  list  as  drawn  up  man  has  a  slightly 
greater  number  of  characters  in  common  with  the  New  World  mon- 
keys (60)  than  those  in  common  with  the  Old  World  monkeys  (53), 
to  which  he  is  undoubtedly  more  nearly  related. 

As  stated  above  and  also  in  Part  II  of  this  review,  it  is  important 
to  realize  that  the  csnotelic  or  relatively  recent  characters  of  the 
habitus  or  present  complex  of  adaptive  characters,  tend  to  conceal 
the  more  remote  relationships  of  any  given  animal,  while  its  heritage, 
or  residuum  of  characters  acquired  in  earlier  stages  of  evolution,  tends 
to  reveal  them. 

In  the  following  pages  we  may  review  briefly  some  of  the  more 
striking  points  of  resemblance  between  man  and  one  or  more  of  the 
anthropoid  apes.  Of  course,  such  a  review  will  not  be  convincing 
to  those  who  regard  the  Linniean  system  of  classification  as  wholly 
artificial  and  who  believe  in  the  almost  infinite  ability  of  "parallelism  " 
to  produce  close  resemblances  between  organisms  belonging  to  widely 
different  stocks.  In  the  end  all  I  can  do  is  to  assert  again  that  such 
a  concept  is  not  compatible  with  a  practical  knowledge  of  mammalian 
evolution  and  to  submit  references  to  other  papers'  in  which  the  mat- 
ter is  more  fully  discussed.  Meanwhile  the  anthropoid  heri'.age  of  man 
is  revealed  in  the  facts  set  forth  below. 

The  wellknown  tests  of  blood  relationships,  by  means  of  "anti- 
human  "  and  "  anti-primate  "  sera  have  been  described  by  Nutall  in 
his  work  on  "  Blood  Immunity  and  Blood  Relationship."  In  discuss- 
ing the  tests  with  anti-primate  sera,  Nutall  says  (p.  214):  ".  .  ,  . 
The  degrees  of  reaction  obtained  indicate  a  close  relationship  between 
the  Hominidae  and  Simiidae,  a  more  distant  relationship  with  the  Cer- 
copithecidae,  the  bloods  of  Cebidx  and  Hapalida°  giving  still  smaller 
reactions  than  the  last,  when  we  consider  the  results  obtained  with 
the  first  three  antisera.  The  tests  with  antiserum  for  Cercopithecus 
give  the  largest  reactions  with  bloods  of  Cercopitheddae,  next  with 
those  of  Hominida;  and  Simiida;  but  slight  reactions  with  those  of 
Cebidie  and  Hapalidae.    All  four  antisera  failed  to  produce  reactions 

'  Gregory;  1910,  pp.  258,  463;  1920,  pp.  192-193. 
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with  the  two  bloods  of  l>murids  tested,  except  when  siiffidently 
powerful  also  to  produce  reactions  with  other  mammalian  bloods. 
From  this  we  may  conclude  that  the  Lemurs  properly  belong  to  an 
Order  separate  from  the  other  Primates." 

That  the  main  physiological  reactions  of  the  great  apes,  especially 
the  chimpanzee  and  the  gorilla,  closely  resemble  those  of  man  is  indi- 
cated not  only  by  the  blood  tests  above  noted  but  also  by  Keith's 
(1899)  description  of  menstruation  in  the  chimpanzee;  by  Hunting- 
ton's (1913)  description  of  the  salivary  gland  complex;  and  by  Duck- 
worth's (1915,  pp.  204,  209)  description  of  the  alimentary  canal  of 
the  gorilla.  Convincingly  human  is  the  appearance  of  the  pregnant 
female  chimpanzee,  and  the  same  is  true  of  the  genitalia  of  both  sexes 
of  the  chimpanzee  and  of  the  gorilla.  The  pendent  breasts  of  old 
female  chimpanzees  and  gorillas  arc  also  equally  suggestive  of  human 
relationship.  Retzius,  quoted  by  Duckworth  (1915,  p.  210),  found 
that  with  regard  to  the  spermatozoa,  the  gorilla  is  of  all  the  primates 
the  form  most  similar  to  man. 

All  modem  observers  testify  to  the  elaborate  and  fundamental 
resemblances  of  the  brains  of  chimpanzees  and  gorillas  to  the  human 
type,  not  only  in  general  form  and  position  of  the  principal  fissures 
and  convolutions,  etc.  (Duckworth:  1915,  pp.  188-196),  but  also  in 
the  arrangement  of  the  various  centers^  detailed  architecture  of  the 
brain-stem,  etc.  Professor  Frederick  E.  Tilney,  who  is  now  engaged 
in  a  comparative  study  of  many  hundreds  of  serial  sections  of  a 
gorilla  brain-stem,  has  informed  me  that  the  detailed  construction 
of  the  brain-stem  of  the  gorilla  is  extremely  close  to  the  human  type. 

Of  course  the  marked  differences  in  habits  and  mental  capacity 
between  men  and  apes  are  reflected  in  the  vastly  superior  develop- 
ment of  certain  parts  of  the  human  brain,  but  modem  anatomists 
are  agreed  that  the  difference  is  one  of  degree  rather  than  of  kind. 
The  search  for  large-brained  human  ancestors  in  early  Tertiary  times 
is  based  first  on  the  too  prevalent  fallacy  that  remote  ancestral 
stages  must  already  foreshadow  all  the  characters  of  their  distant 
descendants,  and  secondly^  upon  naive  faith  in  the  biogenetic  law,  in 
so  far  as  it  is  inferred  that  the  swollen  brains  of  young  stages  are  remi- 
niscent of  adult  brain-form  of  ancestral  stages. 

As  the  braincase  in  general  is  only  a  sort  of  bony  wrapping  around 
the  brain  and  its  membranes,  modified  by  crests  for  the  jaw  muscles 


FiO.  300.  Sagittal  Sections  or  the  Skulls  or  a  Young  a 
Chdipanzee,  Showing  Stsong  SnuLAKny  to  th 

Note  the  inferior,  middle,  and  superior  nasal  meatus,  the  frontal  and  the  sphenoid 
duus,  the  ethmoid  cells,  the  position  of  the  sphenopalatine  foramen,  etc.  The  pie- 
pituituy  plane  of  the  braincase  is  not  as  much  deflected  as  it  is  in  man.  The  foMa 
subuctuta,  lying  behind  and  above  the  internal  auditory  meatus  is  much  reduced, 
especially  in  the  adult. 

Hie  occlusal  relations  of  the  cheek  teeth  an  the  same  as  in  man,  but  the  lower  canine 
ii  more  in  front  of  the  upper,  and  the  incisors  are  slroag\y  pTOcaid^ieDX. 
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and  by  specializations  of  the  parts  covering  the  sense  organS;  it  is 
not  surprising  that  the  interior  of  the  braincase,  espedaliy  of  the 
female  chimpanzees  and  the  gorillas,  should  strongly  resemble  the 
human  type.  This  is  seen  not  only  in  the  general  architecture  of 
the  braincase,  but  in  such  minor  details  as  the  development  of  sphe- 


Fic.  301.  Young  Female  Gobilla 
Courtesy  of  the  New  York  Zoological  Society.     Photographed  by  Elwin  R.  Sanborn 
ShowJDg  the  sub-human  appearance  of  the  nose,  the  use  of  the  hand  in  feeding,  the  habit 
of  crouching  or  sitting  nearly  upright,  etc. 

noid  and  frontal  sinuses,  the  form  of  the  sella  turcica,  and  the  arrange- 
ment of  the  foramina  for  the  cranial  nerves,  arteries  and  veins.  Even 
certain  wellknown  differences  between  typical  human  and  typical 
anthropoid  skulls,  such  as  the  squamoso-frontal  contact  shutting  out 
the  usual  frontosphenoid  contact,  are  occasionally  bridged  by  low 
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human  skiills;  the  skulls  of  the  extinct  Neanderthal  race  contained 
several  simian  characters  that  are  ordinarily  lost  in  the  higher  human 
races,  such  as  the  small  size  of  the  mastoid  process,  the  flatness  of 
the  glenoid  eminence,  the  retreating  chin,  wide  ascending  ramus  of 
the  mandible,  very  low  forehead,  projecting  tori  orbitales,  very  wide 
nasal  opening,  lack  of  canine  fossa  in  the  superior  maxilla,  etc. 


Courtesy  of  Sir  Harry  Johnston.    Photograph  by  J.  W.  Bealtie,  Hobort,  Tasmania 

Especially  strong  evidence  for  the  close  relationship  of  the  gorilla 
and  chimpanzee  with  man  is  afforded  by  the  construction  of  the  nasal 
chamber  {fig.  300).  The  turbinate  bones,  the  lower,  middle  and  uppwr 
nasal  meatus,  and  the  frontal,  ethmoid  and  sphenoid  sinuses,  have 
substantially  identical  interrelations,  differing  chiefly  in  the  degrees 
of  development  of  certain  parts,  in  correlation  to  some  extent  with  the 
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condition  that  in  the  ape  the  prepituitary  portion  of  the  braincase  is 
not  sharply  bent  dowTiward  as  it  is  in  man.  Keith  (1916)  has  noted 
that  in  the  possession  of  a  frontal  sinus  which  is  lacking  in  the  orang, 


Fio.  303.  Photograph  of  a  CaiuPAszEE  Foctssing  the  Eves  on  a  Nearby  Object 

Courtesy  of  Professor  \V,  T.  Shepard 
the  chimpanzee  and  the  gorilla  agree  with  man.    All  such  remarkable 
agreements  reinforce  the  conclusion  that  the  relationship  of  the  chim- 
panzee-gorilla stock  is  relatively  close  to  man,  and  that  "the  closer 
the  parallelism  the  closer  the  relationship." 
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The  anatomy  of  the  nose  testifies  in  the  same  direction.  According 
to  Professor  J.  Howard  McGregor  the  gorilla  nose,  although  repulsive 
in  human  eyes,  has  in  it  all  the  "makings"  of  a  human  nose,  and 
acquires  chiefly  a  forward  and  downward  growth  of  its  tip  to  be  trans- 
formed into  a  subhuman  type.  The  lowest  existing  types  of  human 
nose  (Jig.  302)  indeed  retain  much  of  the  gorilloid  heritage. 

The  eyes  of  the  great  apes  could  hardly  be  more  human  than  they 
are.  The  fundus  of  the  eye  of  a  chimpanzee,  as  figured  by  Johnson 
(1901),  exhibits  the  most  detailed  resemblance  to  that  of  a  negro. 
Every  close  observer  of  the  living  animals  must  have  been  impressed 
with  their  power  to  focus  both  eyes  at  once  on  a  nearby  object 
although,  like  other  simians,  they  are  unable  to  sustain  convergence, 
except  for  a  brief  time. 

\ 


Fio.  304.  Front  Part  of  the  Skull  of  a  Young  Chiupanzee,  to  Suow  the  Sub- 
Human  CoNsTEUcnoN  OF  THE  Orbital  Region 

The  lacrymal  bone  of  the  anthropoids,  as  described  by  Le  Double 
(1900)  is  similar  to  that  of  man  and  even  exhibits  similar  variants. 

Since  Darwin's  classic  studies  on  the  expression  of  the  emotions  in 
man  and  apes,  it  is  well  known  that  in  the  general  arrangement  and 
functions  of  the  mimetic  muscles  the  great  apes  are  very  man-like, 
except  in  the  degree  of  development  of  certain  muscles  which  have 
become  more  or  less  degenerate  in  man.  In  the  gorilla,  according  to 
Duckworth  (1915,  p.  180),  "differentiation  of  the  muscles  of  expres- 
sion has  reached  a  stage  not  far  removed  from  that  obtaining  in  man." 

TTie  ear  of  the  gorilla  is  essentially  of  human  type.  Keith  (1906) 
has  made  extended  statistical  records  of  the  frequency  of  "orang," 
"chimpanzee"  and  "gorilla"  types  of  ear  in  modem  Europeans. 
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The  auditory  ossicles  of  the  chimpanzee,  according  to  Doran  (1875, 
p.  379)  "are,  taken  as  a  whole,  most  like  those  of  Homo.  T.  gortila 
closely  resembles  Homo  in  its  incus  and  stapes,  but  less  in  its  malleus; 
Simia  more  resembles  Homo  in  the  head  and  articular  surface  of  the 

malleus Though  the  incus  of  some  species  of  Hylobates 

exhibits  a  tendency  to  low  type  in  the  malleus,  and  particularly  in 
the  stapes,  this  genus  is  quite  anthropoid.  In  their  ossicula,  but 
most  markedly  in  the  stapes,  these  apes  are  much  more  allies  to  Homo 
than  to  the  lower  monkeys." 

The  whole  morphology  of  the  tympanic  cavity  and  surrounding 
parts,  as  set  forth  by  van  Kampen  (1905)  and  verified  by  the  writer, 
shows  (a)  that  man  is  a  member  of  the  catarrhine  or  Old  World  series, 
(b)  that  his  nearest  relatives  are  the  great  apes,  especially  the  gorilla 
and  chimpanzee,  and  (b)  that  he  has  advanced  beyond  them,  especially 
in  the  specialization  of  the  tympanic  bone  into  a  tympanic  plate. 

The  course  of  the  internal  carotid  artery  and  its  branches  in  the 
auditory  region  adds  further  evidence  in  the  same  direction  (Greg- 
ory, 1920). 

The  fossa  subarcuata  on  the  medial  encephalic  surface  of  the  peri- 
otic  bone  is  present  and  of  large  size  in  all  the  lower  primates  from  the 
Eocene  lemuroids  up  to  and  including  the  gibbon,  but  it  is  vestigial 
in  the  adult  chimpanzee  (Jig.  300)  and  gorilla,  and  is  variously  reduced 
or  vestigial  in  adult  human  skulls.  It  is  well  developed  in  infant  and 
fcetal  human  skulls,  and  in  the  fcetal  gorilla  skull  figured  by  Deniker 
US85,  PI.  XXI',  fig.  3).  but  is  \-estigial  in  an  infant  gorilla.  The  de- 
lay in  its  closure  in  man  may  be  secondary,  but  it  is  significant  that 
only  in  man  and  the  great  apes  among  the  primates  do  we  find  the 
marked  reduction  or  virtual  loss  of  this  fossa. 

In  a  review  of  the  evolution  of  the  dentition  it  seems  hardly  appro- 
priate to  digress  from  the  main  subject  even  so  far  as  I  have,  but  the 
reader  will  understand  that  unless  the  anthropoid  apes  are  the  nearest 
living  relatives  of  man,  it  is  quite  useless  to  attempt  to  trace  the 
evolution  of  human  dentition  along  the  paths  followed  in  this  review. 
One  is  tempted  to  go  on  and  show  that  the  same  or  similar  degrees  of 
resemblance  between  the  great  apes  and  man  obtain  in  many  other 
parts  of  the  organism,  particularly  in  the  locomotor  skeleton,  but  I 
must  be  content  with  the  assertion,  based  chiefly  on  my  own  observa- 
tions, that  the  resemblance  holds  good  in  the  vertebral  column  as  a 
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whole;  in  the  scapula,  coracoid,  clavicle,  humerus,  radius  and  ulna; 
in  the  bones  of  the  manus;  in  the  pelvis,  femur,  tibia  and  fibula;  and 
(with  certain  conspicuous  exceptions  noted  below)  in  the  bones  of 
the  foot.  As  to  the  locomotor  musculature,  it  is  well  known  that 
certain  variants  in  man  may  be  regarded  as  ataval  reversions  to  the 


F;c.  305.  Lower  Jaw  of  Driopilhccus  fantam  and  LonxR  Teeth  of   a  Tasman'ian 

Youth  with  the  Loher  Cancve  Projectino  above  the  Level  of 

THE  Cheek  Teeth     After  Caudrv 

conditions  preserved  m  anthropoid  apes  {Huntington,  1918).  With 
regard  to  the  muscular  system  of  the  gorilla,  Duckworth  (1915,  p.  179) 
says:  "The  muscles  correspond  severally  with  very  close  accuracy  to 
those  of  man,  and  in  fact  the  number  of  .distinctive  human  muscles. 
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at  one  time  thou^t  to  be  thirteen,  is  Dcnr  redaoed  to  thiee  CM. 
plantaris.  peroneus  tertius  and  serratus  posticus  inferior'.  The 
acromio-tracbelian  and  dorsi-eiMtrochkar  muscles  dLstingui'h  the 
gorilla,  not  being  normal  in  man." 

Many  of  the  resemblances  referred  to  in  the  foregoing  pages  may 
have  been  de\'e]oped  by  parallelism  or  "analogous  ^~ariatioT) ''  after 
the  human  and  chimpanzee-gorilla  steins  began  to  diverge  from  each 
other,  but  taken  as  a  wbo'e  the  testimony  of  comparatr\-e  anatomy 
affords  cmnulati\-e  e\idence  for  Darwin's  inference  "  that  some  andent 
member  of  the  anthropomorphous  subgroup  gave  birth  to  man." 
The  detailed  studies  of  the  dentition  in  Pari  IV  of  this  reciew  leads  me 
la  the  conclusion  that  that  ''ancient  member  of  Ike  anthropomorphous 
subgroup"  was  closely  allied  to  or  eten  identical  wrilh  either  Siaipilhecus 
or  Dryopilhecus  (Sg.  305)  of  the  Miocene  Simiina. 

EVOLUTION'  OF  THE  DENTITIOS  IN  COKKELATION  OR  COADAFTATION 
WITH  THE   EVOLtrriON   OF  THE   LOCOMOTOR  APPARATUS 

In  the  later  stages  of  human  ascent  the  characters  of  the  bumao 
dentition  have  doubtless  been  influenced  by  the  upri^t  posture 
assumed  by  man  and  his  immediate  ancestors;  even  in  the  eariier 
stages  changes  in  the  locomotor  apparatus,  coimected  with  a  shift 
from  one  sort  of  environment  to  another,  doubtless  affected  indirectly 
the  jaws  and  dentition.  It  may  then  be  advantageous  at  this  point 
to  review  the  coincident  evolution  of  the  locomotor  apparatus  and  of 
the  dentition. 

With  regard  to  the  earlier  stages  of  the  limbs  and  the  posture  of 
the  body  in  the  line  of  human  ascent,  Klaatsch  and  Wood-Jones 
(1918,  p.  18)  have  vigorously  insisted  that  "man  and  his  ancestors 
were  never  quadrupeds  as  the  dog  or  the  elephant  or  the  horse." 
But  has  any  competent  authority  ever  maintained  that  they  were? 
There  never  has  been  any  necessity  for  assuming  that  the  more  remote 
primate  ancestors  of  man  were  highly  specialized  for  quadrupedal 
locomotion  on  the  ground.  The  comparative  anatomical  and,  as  is 
now  known,  the  palxontological  evidence  (Gregory,  1920)  decisively 
indicates  that  in  Lower  Eocene  and  probably  even  earlier  times  the 
Primates  were  not  like  ordinary  terrestrial  quadrupeds,  with  extremi- 
ties adapted  for  swift  running  on  the  ground,  but  were  arboria>lous 
animals,  with  extremities  adapted  for  leaping  and  climbing  in  the 
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trees.  As  this  subject  is  more  fully  considered  elsewhere  (1920,  pp. 
233-241),  the  main  stages  in  the  evolution  of  the  locomotor  apparatus 
and  their  general  relations  with  the  skull  and  dentition,  from  the 
primitive  reptilian  to  the  human  stage,  may  here  be  reviewed  very 
briefly  as  follows : 

Stage  1.  Primitive  reptilian  stage,  represented  by  lizard-like  rep- 
tiles of  the  Carboniferous,  Permian  and  later  Ages.  Body  elongate, 
dragged  or  propelled  near  the  ground,  limbs  held  out  at  elbows  and 
knees,  extremities  pentadactylate,  with  spreading  digits.  Neck  short, 
skull  large,  more  or  less  like  that  of  a  lizard,  slightly  bent  upon  verte- 
bral column;  face  elongate;  teeth  numerous,  simple.  Food  habits 
carnivorous  or  insectivorous.     (See  Part  I,  pp.  13  and  14.) 

Stage  2.  Advanced  mammal-like  reptiles  (small  cynodonts)  of  the 
Triassic.  Body  raised  well  off  the  ground  in  walking,  but  elbows 
and  knees  still  everted.  Skull  opossum-like,  with  carnivorous-insec- 
tivorous dentition.     (See  Part  I,  pp.  14-23.) 

Slage  3.  Primitive  Ampkitherium-\\ke  mammals  of  the  Jurassic. 
Skeleton  unknown ,  but  very  probably  of  primitive  placental  type  with 
pentadactylate  extremities,  including  a  more  or  less  divergent  first 
digit  in  manus  and  pes.  Dentition  of  primitive  insectivorous  type. 
(See  Part  I,  pp.  35-39.) 

Stage  4.  Primitive  lemuroid  primates  of  the  lower  Eocene.  Habits 
arboricolous,  skeleton  adapted  for  leaping,  climbing  and  perching  in 
the  trees;  extremities  quadrumanous,  with  strongly  divergent  hallux 
in  pes;  skull  like  that  of  Notkarclus;  dentition  adapted  for  mixed  diet 
of  insects,  friiits,  eggs,  small  birds,  etc.  Dental  formula  rlCiPjMs. 
(See  Part  II,  pp.  123-136.) 

Slage  5.  Ancestral  catarrhine  primates  of  the  Lower  Oligocene 
(e.g.,  Parapithecus) .  Fossil  remains  of  locomotor  skeleton  not  yet 
discovered,  but  all  their  modem  descendants  have  the  important  power 
of  sitting  more  or  less  upright  on  the  ischial  tuberosities  (fig.  214). 
This  habit  encourages  the  use  of  the  hands  to  assist  the  lips,  tongue 
and  teeth  in  the  manipulation  of  the  food.  Cranium  carried  at  mod- 
erate angles  to  vertebral  column.  Optic  and  auditory  parts  of  skull 
probably  well  developed  but  not  excessively  enlarged.  Muzzle  short; 
dentition  much  as  in  Parapitfiecus  with  dental  formula  of  I^ClPjMa. 
Incisors  simple,  with  cingulum ;  canines  small,  not  enlarged  for  offense 
or  defense;  premolars  more  or  less  bicuspid;  molars  with  low,  round 
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cusps;  upper  molars  quadri-,  lower  quinquetubercular.    Diet  prob- 
ably mixed:  insects,  fruits,  eggs,  etc.     (See  Part  IV.) 

Stage  6.    Primitive  anthropoid  apes  of  the  Miocene  of  India, 
Egypt  and  Europe.    Again  the  locomotor  skeleton  remains  to  be 


Feu  ALE  Gorilla 


Courtesy  ol  the  New  Vork  Zoological  Society.  Photograph  by  Elwin  R.  Sanborn. 
Shows  the  sub-human  form  of  the  foot,  n-hich,  however,  retains  the  graspini;  form  of  the 
great  toe,  as  in  all  other  knon-n  primates  but  man. 

discovered,  the  chief  parts  known  being  jaws  and  isolated  teeth,  but 
there  is  strong  indirect  evidence  afforded  by  the  existing  anthropoids 
and  by  the  humerus  of  DryopiUiecus  that  their  more  primitive  Mio- 
cene ancestors  were  already  acquiring  the  enormously  important 
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ability  to  "brachiate,"  or  swing  from  branch  to  branch  with  the 
body  suspended  from  the  upraised  arms.  Pes  probably  with  grasp- 
ing hallux,'  Sitting  upright,  and  erect  progression  on  the  ground, 
both  more  or  less  highly  developed.  Skull  sharply  deflected  on  verte- 
bral column.  Upper  Jaw  deepened  obliquely  forward  and  downward 
beneath  overgrowing  frontal  portion  of  skull.  Diet  mixed:  including 
large  fruits  with  tough  rinds,  insects,  small  animals.  Central  incisors 
not  much  enlarged  in  primitive  forms,  but  becoming  very  wide  in 
orangs  and  chimpanzees.  Both  upper  premolars  bicuspid;  anterior 
lower  premolar  with  more  or  less  sloping,  enlarged  antero-extemal 
face  and  compressed  tip  which  shear  behind  enlarged  upper  canines. 
First  and  second  upper  molars  quadrate  with  low  cusps,  becoming 
wrinkled  in  orang  and  to  a  less  extent  in  chimpanzees.  Lower  molars 
with  "Dryopithecus  pattern"  of  five  cusps.  (See  Part  IV,  pp.  328- 
339.) 

In  the  modern  anthropoids  {fig.  306)  the  head  is  supported  on  top 
of  the  more  or  less  erect  vertebral  column,  especially  in  the  sitting  or 
squatting  posture.  Locomotion,  even  on  the  ground,  is  no  longer 
quadrupedal  in  the  primitive  way,  the  gibbon  often  walking  erect 
and  the  chimpanzee  and  gorilla  frequently  balancing  the  body  from 
the  hips  and  touching  the  ground  with  more  or  less  folded  hands. 
Thus  the  anthropoids,  in  acquiring  the  mode  of  locomotion  called 
"brachiation,"  diverged  from  the  primitive  catarrhine  mode  of  pro- 
gression on  all  fours,  and  made  possible  the  adoption  of  fully  bipedal 
habits. 

Stage  7.  Human  stage.  ?Pliocene,  Pleistocene,  Recent.  Wood 
Jones  frequently  speaks  of  the  "basal  mammalian  primitiveness "  of 
the  human  skeleton,  without  offering  any  substantial  evidence  in 
support  of  such  assertions.  He  does  not  recognize  the  fact  that  for 
true  "basal  mammalian  primitiveness"  or  rather  basal  placental 
primitiveness,  we  must  have  recourse  to  studies  of  the  skeleton  of  the 
primitive  Paleocene  and  Eocene  mammals  and  of  the  less  specialized 

*  There  is  weighty  palxontological  and  comparative  anatomical  evidence  for  the  view 
that  a  strongly  divergent,  grasping  type  of  hallux  was  a  primitive  primate  character  which 
hu  been  transmitted,  with  minor  modifications,  to  all  later  lemuroids,  tarsioids,  Platy- 
rhiiUB  and  Catarthinte  except  man,  who  has  very  probably  lost  this  primitive  prima 'e 
cbancter  in  adaptation  to  his  upright,  biftedal  posture  and  gait.  For  opposing  views  on 
this  lubject  see  Gn^ory  (1920,  pp.  239-241)  and  Miller  (1920,  pp.  229-245). 
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unguiculate  mammals  of  the  present  time.  He  has  also  failed  to 
appreciate  the  fact  that  the  humerus  and  whole  forearm  of  man  are 
closely  related  in  construction,  not  to  the  arm  and  hand  of  any  of 
the  truly  primitive  mammals  mentioned  above,  but  to  the  highly 
specialized  "  brachiating  "  type  of  the  chimpanzee  and  gorilla.  Hence 
it  is  not  necessary,  and  is  indeed  directly  against  the  evidence,  to 
push  the  divergence  of  man  from  the  other  primates  back  to  a  point 
long  antecedent  to  the  differentiation  of  the  anthropoid  stock;  nor  is 
it  necessary  to  ascribe  the  upright  posture  of  man  to  direct  inheritance 
from  an  upright-standing  tarsioid,  such  as  Tarsius;  because  the  cumu- 
lative evidence  of  comparative  anatomy  shows  that  man  is  a  specialized 
ojshool  from  the  anthropoid  stem,  probably  arising  after  the  assumption 
of  upright-sitting,  of  brachiation,  and  of  more  or  less  erect  progression 
on  the  ground. 

The  erect  or  semi-erect  posture,  togelker  with  the  increasing  use  of  the 
hands  as  such  and  the  correlated  swelling  of  the  brain,  lias  conditioned 
or  is  associated  with  (a)  the  forward  growth  of  the  cranium  and  the  deflec- 
tion of  the  prepituitary  plane  (Keith),  (b)  the  forward  growth  of  the  upper 
part  of  the  face,  and  (c)  the  reduction  in  size  and  retraction  of  the  jaws 
and  dentition  beneath  the  overhanging  nose  and  forehead,  which  is  so 
characteristic  of  the  higher  races  of  man. 

THE    TRANSFORMATION    OF   GROUND    APES    INTO    MEN,    WITH    SPECIAL 
REFERENCE   TO   THE   DENTITION 

The  lack  of  extinct  races  of  men  in  known  fossiliferous  formations 
of  the  later  Tertiary  has  been  most  frequently  ascribed  to  "the  incom- 
pleteness of  the  geological  and  palseontological  record."  The  "mys- 
tery of  man's  origin"  is  widely  accepted  as  a  palsontological  fact 
and  some  hope  to  discover  early  representatives  of  the  human  phylum 
far  back  in  Lower  Oligocene  or  Eocene  deposits  of  Asia  or  even  of 
North  America.  Such  was  the  concept  of  Cope,  who  regarded  his 
Lower  Eocene  "Anaptomorpkus"''  as  a  direct  ancestor  of  man,  while 
Hubrecht,  Wood  Jones,  and  Boule'  have  adopted  similar  views. 

'Cope:  Tetanias  (Anaplomorphiis)  homunciilus.  Part  II. 

*Iii  his  latest  work  (1920),  Boulc  favors  the  more  conservative  view  that  iiuin  is 
probably  an  offshoot  oF  the  "Old  World"  stock,  which  also  gave  rise  to  the  anthropoids 
and  to  the  cynomoiphous  monkeys. 
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Those  who  hold  such  opinions  concerning  the  origin  of  man  must 
explain  all  the  profound  anatomical,  physiological  and  psychological 
resemblances  between  existing  Simiids  and  Hominidie  as  owing  to 
convergence  and  to  homoplastic  (parallel)  evolution.  To  the  same 
modes  of  evolution  they  must  ascribe  all  the  minute  and  funda- 
mental resemblances  between  Simiidte  and  Hominidx  in  respect  of 
the  dental  characters  set  forth  in  Parts  IV  and  V  of  this  review. 
Finally,  they  must  postulate  the  existence  of  a  long  series  of  genera 
and  species  representing  an  unknown  and  very  distinct  family  of 
primates,  ranging  from  the  Lower  Eocene  onward,  but  of  which 
(unless  "  Anaptamorp/ius"  be  accepted  as  a  direct  ancestor  of  man) 
no  trace  has  ever  been  found  in  any  age. 

Such  assumptions  seem  reasonable  to  me  only  when  considered  in 
the  abstract  and  without  due  realization  of  the  force  of  the  contrary 
evidence.  I,  on  the  contrary,  must  and  do  accept  the  palsontological 
record  much  as  it  stands;  I  must  hold  that  as  t/ie  evidence  from  lax- 
onomy,  paleontology,  comparative  anatomy,  physiology  and  psychology 
for  a  very  near  relalionship  of  the  Simiids  and  Ilominidm  is  cumulative 
and  decisive,  there  is  no  necessity  for  postulating  Ike  existence  of  Eocene 
Hominida  as  a  family  distinct  from  Ike  Simiida.  A  fair  series  of 
structural  gradations  lies  already  at  hand,  leading  from  the  oldest  lemu- 
roid  primates,  througk  the  stem  of  Ike  tarsioids,  to  Parapitkecus  of  the 
Lower  Oligocene,  and  tlience  tkrough  Propliopithecus,  Dryopitkecus,* 
Sivapilkecus,  PiUiecantkropus,  or  througk  genera  nearly  allied  to  these, 
to  the  emergence  of  tke  Hominida  as  a  distinct  family  in  Pliocene  and 
early  Pleistocene  times.  Such  a  series  may  be  deemed  too  strongly 
monophyletic  at  a  time  when  the  fact  of  polyphyletic  branching  of 
mammalian  groups  is  sometimes  mistakenly  assumed  to  mean  that 
the  known  phyla  run  back  on  parallel  lines  to  infinitely  remote  "pre- 
mammalian"  stocks.  This  much  I  am  willing  to  concede  to  the 
"imperfection  of  the  pal^ontological  record:"  that  possibly  one  or 
more  of  the  above-named  genera  may  eventually  be  shown  not  to 
lie  in  the  direct  line  of  human  ascent,  but  to  be  set  a  little  way  off  to 
one  side  by  the  possession  of  some  distinctive  and  peculiar  special- 

'The  recently  discovered  species  (?)  DryopUkccm  magharttKis  (Fourtou,  1920),  (rom 
the  Lower  Miocene  of  Egypt,  adds  an  important  item,  tending  to  bridge  the  gap  between 
the  older  genus  Propliopithecus  and  the  later  and  more  advanced  genus  Dryopitheciu. 
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ization.  But  so  far  as  I  am  able  to  judge,  the  known  remains,  regret- 
tably imperfect  as  they  are,  afford  at  least  a  fair  structural  series 
illustrating  the  evolution  of  the  dentition  and  lower  jaw,  from  Para- 
piihecus  to  the  anthropoids  and  to  the  Hominids. 

From  this  wide  contrast  in  \'iew-point  it  wiU  follow  that,  if  I  am 
right,  Ihen  those  who  hold  the  opposing  views  would  fail  to  recognize  a 
direct  ancestor  of  man  of  Miocene  age  even  if  it  were  represented  by  a 
complete  skeleton,  since  they  would  expect  to  find  it  abounding  in  the 
diagnostic  characters  of  recent  Hominidic  and  to  be  widely  different 
from  the  contemporary  Simiida;.  Again,  if  my  conclusions  are  correct, 
the  precursors  of  man  should  be  found  in  rocks  of  Miocene  age  and  should 
be  large  ground  apes  closely  allied  to  or  identical  with  Pilhecanlhropus; 
while  if  the  others  are  righti  the  "real  Eoanthropus"  should  be  sought  in 
Ihe  Lower  Eocene  and  should  be  a  large-brained  primate  of  small  size, 
perhaps  more  or  less  transitional  between  the  Eocene  tarsiods  and  the 
Bominida. 

In  fairness  to  those  who  hold  different  views  from  mine  of  the  origin 
of  the  Hominidffi,  I  must  emphasize  the  fully  human  character  of  the 
Heidelberg  dentition  (see  p.  427  below)  and  the  lack  of  transitional 
stages  of  Pliocene  age. 

No  matter  what  view  we  take  as  to  the  origin  of  man  from  other 
primates:  where  were  the  Pliocene  Hominidae  and  what  were  they 
like?  Extensive  mammalian  faunas  of  Pliocene  age  have  been 
described  from  various  places  in  Asia,  Europe  and  North  America, 
but  the  Hominids  are  so  far  conspicuously  absent  from  the  records 
Although  such  negative  paUeontoIogical  evidence  is  by  no  means 
decisive,  it  would  seem  likely  that  if  the  Hominidx  had  been  both 
widely  distributed  and  plains-living  mammals  during  the  Miocene 
and  Pliocene,  some  hint  of  their  remains  would  have  been  found  in 
some  part  of  the  globe  along  with  those  of  the  numerous  known 
plains-faunas  of  late  Tertiary  age.  Such  as  it  is,  the  negative  palaon- 
tological  evidence  seems  in  harmony  with  the  hypothesis  that,  during 
the  late  Tertiary,  the  Hominida  had  not  yet  extensively  invaded  the 
plains,  and  that  in  some  restricted  and  more  or  less  isolated  Palaarctic 
region  they  were  in-  course  of  differentiation  from  ground-living  apes 
inhabiting  the  border  regions  between  forests  and  plains. 
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Ij  the  Jemur  of  PiihecanthfOpus  be  associated  with  the  skuU,  as  held 
bymearly  all  authorities,  then  we  have  definite  proof  thai  early  Bominidtt 
or  progressive  Sirttiidce  oj  late  Pliocene  or  early  Pleistocene  age  already 
■walked  erect  upon  the  ground.  There  is  some  evidence  for  the  view  of 
Pocock  (1920)  that  even  the  earlier  anthropoids  were  already  adapted 
for  erect  progression  on  the  ground,  and  that  the  modem  orang  and 
gibbon  have  become  secondarily  specialized  for  arboreal  life 

The  thoroughly  terrestrial  rather  than  semi-arboreal  characters  of 
the  skeleton  of  the  Pleistocene  neanderthaloids  and  of  all  later  races 
of  men,  show  that  the  erect  gait  was  assumed  at  a  relatively  early 
date.  It  is,  as  noted  above,  extremely  probable  that  many  of  the 
diagnostic  characters  of  the  human  dentition  were  more  or  less  cmi- 
nected  with  the  complex  series  of  readjustments  that  took  place 
when  the  skull  became  balanced  on  top  of  an  erect  backbone,  and 
when  the  hands,  set  free  entirely  from  the  locomotive  functions, 
became  increasingly  skillful  in  assisting  the  teeth  in  the  killing,  prepa- 
ration and  manipulation  of  food. 

Such  a  radical  transformation  of  the  jaw  and  dentition  from  a 
DryopithecuS'like  type  was  correlated,  apparently,  with  a  pronounced 
change  in  food  habits,  from  a  prevailingly  frugivorous  to  an  omnivor- 
ous-carnivorous stage,  and  was  even  more  intimately  dependent  upon 
a  still  greater  transformation  in  the  brain  and  braincase,  from  a  primi- 
tive anthropoid  to  a  human  condition,  which  brought  with  it  revolu- 
tionary disturbances  and  readjustments  of  the  digestive  apparatus  and 
of  the  ductless-gland  complex  that  controls  the  growth  and  propor- 
tions of  skeletal  parts. 

It  may  well  be  that  this  transformation  was  more  complete  and 
far  reaching  in  the  Hominidie  than  any  which  had  taken  place  in 
other  mammals  during  the  same  period.  But  in  this  connection  we 
must  bear  in  mind  in  the  first  place  the  vast  extent  of  a  single  geo- 
logical epoch,  all  recent  work  indicating  that  the  older  estimates  were 
far  too  low,  so  that  the  time  from  the  Middle  Miocene  to  the  Lower 
Pleistocene,  during  which,  according  to  my  view,  the  transformation 
in  question  took  place,  may  represent  more  than  a  million  years — 
long  enough  perhaps  for  the  brain  to  expand  from- an  anthropoid  to  a 
low  human  stage  and  for  the  accomplishment  of  all  the  correlated 
changes,  including  those  in  the  dentition.     And  in  the  second  place 
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Fic.  308.  Series  Of  Skulls  of  Old  World  Primates.    After  Haeckel 


Seen  from  below,  showing  the  relation  betwee 
of  the  mandible.  The  fonns  figured  are: 
(3)  baboon,  (4)  dolichocephalic  Australian  {Honn 
cephalic  Gernwa  {Homo  sapient  alpinus). 


the  length  of  the  head  and  the  form 
1)  gibbon,  (2)  young  chimpanzee, 
sapiens  auslralianus)  and  (5)  brachy- 
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there  are  other  groups  of  mammals  for  which  we  hxvv 
ver>'  extensh'e  and  re\'oIutionai\'  changes  in  stmctmc 
second  half  of  the  Tertian'  period.    During  this  time  the 
e\'oK'ed  out  of  ground-sloths  TMatthew;.  the  whalebone 
their  teeth  and  substituted  baleen  plates  fAbell,  and  the 
of  the  ^>erm  whale  acquired  ^^n'  extraordinarv' 
the  whole  skull  'Abeli. 


BpwiaKTjtMi—  of 


Frc,  309.  Well  Pbesekvbd  Hlha.\  Dentire,  Showing  N'okhai  Occxcsion 
Courtesy  ot  Dr.  Bemhard  W.  Weinberger 

In  contrast  to  such  radical  and  profound  changes  in  function,  and 
in  the  direction  of  evolution,  are  the  many  well-known  cases  involving 
rather  an  intensification  of  gi\en  functions  and  further  prioress  in 
the  same  direction  as  in  earlier  stages.  Such  has  often  been  the  case 
in  animals  that  have  remained  in  the  same  environmental  zone,  as 
have  the  plains-li\'ing  ungulates,  and  have  simply  improved  their 
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Fig.  311-312,  Inclusive.    Evolvtiok  of  the  Hitman  Mandible.    Side  View 

Fig.  311.  First  stage:  Eocene  lemuroid,  represented  by  yolharctus  osbomi,  Middle 
Eocene,  Wyoming.  Dental  formula:  I-j  Cj  Pf  M^.  Jaw  elongate,  with  primitive  fonn 
of  angle  (A). 

Second  stage:  represenlrd  by  Parapilhecui  fraasi.  Lower  OHgocene,  Fayfim,  Egypt. 
Dental  fonnula:  I-;  Cj  P-j  M-^.     Jaw  shortened,  angle  beginning  to  expand  (B). 

Third  stAge :  represented  by  Propliopithecus  kaickdi,  Lower  OUgocene,  FayOm,  Egypt. 
Dental  fonnula:  I  j  Ct  1*7  M?-    Jaw  much  shortened  and  deepened,  angle  expanded  (C). 

Rg.312,  Fourth  stage:  represented  by  Zfryo^'/Awiu  (A)  and  Sivapilhectu  (B),  Miocene 
of  Europe  and  India,  respectively.  Dental  formula:  I-jC^  P-jM-j,  Jaw  much  deepened, 
incisors  slightly  procumbent. 

Fifth  stage:  lowest  human  type,  represented  by  jaw  of  Homo  htidelbergentii,  ndsto- 
cene,  Germany.  Dental  formula  as  before.  Jaw  very  massive,  without  piotniding 
chin.     Incisors  erect,  canine  reduced  to  level  of  other  teeth  (C). 

Sixth  stage:  low  human  type,  represented  by  the  jaw  of  an  Australian  native  {Home 
lapiem  auslraliantis).    A  bony  chin  developed,  ascending  ramus  narrower  (D), 

Seventh  stage:  modem  man.     Bony  chin  protruding,  ascending  ramus  weak  (E), 
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mode  of  locomotion  and  dental  apparatus  without  radically  altering 
the  plan  of  them.  These  cases  being  numerous  and  well-known  are 
apt  to  be  taken  as  the  standard  examples  of  the  way  that  evolution 
normally  proceeds,  and  from  thence  may  arise  the  unconscious  impres- 


THE  Hltuan  Manthble  (Co\nKrED) 


sion  that  nature  is  limited  to  that  kind  of  "  orthogenetic"  evolution. 
But  all  Ihe  great  evolutionary  advances,  as  when  tetrapods  evolved  from 
fishes,  or  when  mammals  evolved  from  reptiles,  have  been  revolutionary 
in  character,  since  they  involved  profound  changes  and  readapiations  in 
the  methods  of  locomotion  and  of  feeding. 
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The  supposed  transfomiatioti  in  skull  and  dental  characters  by 
which  the  human  stage  was  finally  attained,  is  thus  described  in  my 
"Studies  on  the  Evolution  of  the  Primates"  (1916,  pp.  277-280): 

"The  anthropoids  are  chiefly  frugivorous  and  typically  arboreal;  when 
upon  the  ground  they  run  poorly  and  (except  in  the  case  of  the  gibbons) 
use  the  fore  limbs  in  progressing.  Thus  they  are  confined  to  forested 
regions.  Man,  on  the  other  hand,  is  omnivorous,  entirely  terrestrial, 
erect,  bipedal  and  cursorial,  an  inhabitant  primarily  of  open  country. 


Dental  Arch.    Viewed 


First  or  super-tarsioid  stage;  represented  by  Patapilhccus.  Opposite  halves  of 
mandible  converging  (A). 

Second  or  Dryopilhicus  stage:  Dryapithean  fatilani,  composite  restoration,  based 
mostly  on  the  figure  given  by  Smith  Woodward  (1914);  (ront  teeth  supplied  from  Gaudry. 
Intercondylar  diameter  increased,  dental  arch  Il-shapcd,  tooth  rows  parallel,  canine 
enlarged  (B). 

Third  or  primitive  human  stage;  Homo  keid^bergensis.  Intercondylar  diameter  eicea- 
uvely  increased,  dental  anh  n-shaped,  canine  reduced  (C). 
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The  anthrofwids  use  their  powerful  oinine  tusks  and  more  or  less  pro- 
cumbent incisors  for  tearing  open  the  tough  rinds  of  large  fruits  and  for 
fighting.  Primitive  man,  on  the  contrary,  uses  his  small  canines  and  more 
erect  incisors  partly  for  tearing  off  the  Sesh  of  animals  which  he  has  killed 
in  the  chase  with  weapons  made  and  thrown  or  wielded  by  human  hands. 


Fio.  314,  Structural  Skries  Show 


HuMAS  Palatal  Arch 


First  stage:  represented  by  Ntcroltmur,  with  convergent  or  A-shaped  palatal  arch  (A). 

Second  stage;  represented  by  Oreopilhecus.  After  Schwalbe.  (Palate  crushed 
laterally)  (B). 

Third  stage:  represenled  by  Fiilaopilliccus,  with  enlarged  canines  and  straight  tooth 
»w»  (C). 

Fourth  stage:  represented  by  "Mouslerian  youth,"  with  small  canines  and  rounded 
palatal  arch  (E). 

Fifth  stage:  represented  by  Tasmanian  (after  Keith),  with  H-shaped  arch  (D). 


Fic.  315.  Evolution  of  Occlusion.    Eocene  Lekukoids  to  Man 
A. — Eocene   lemuroid    Pdycodus.     B. — Modem    gibbon    H^tibates.     C. — Modem 
gorilla.    D. — Modem  man. 


Fig.  315  bis.  Evolution  of  Occlusion  (Continued) 
A. — Chimpanzee.    B. — Mouslerian  youth.     C. — Modem  ma 
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These  implements  and  weapons  also  usually  make  it  unnecessary  for  man 
to  use  his  teeth  in  fighting  and  functionally  they  compensate  for  the  reduced  ' 
and  more  or  less  defective  development  of  his  dentition. 

"The  comparative  anatomical  evidence  alone  is,  I  believe,  sufficient  to 
establish  that,  in  spite  of  these  wide  differences  in  habitus,  man  is  closely 
akin  to  the  chimpanzee-gorilla  group.  All  competent  authorities  will 
agree  with  MM.  Boule  and  Anthony  and  Professor  Keith  that  man  bears 
an  indelible  stamp  of  remote  arboreal  ancestry,  that  upright  or  semi- 
upright  progression  in  the  trees  was  a  prelude  to  the  profound  changes 


Fig.  3t6.  Right  Upper  and  Left  Lower  Human  Teetb 
Specimen  loaned  by  Dr.  Betnhard  W.  Weinberger.    {Ct.fig.  315) 

initiated  by  the  assumption  of  bipedal  progression  upon  the  ground.  The 
change  from  arboreal  to  terrestrial  life  must  have  been  correlated  with  a 
great  change  in  food  habits  from  a  chiefly  frugivorous  to  an  omnivorous 
diet.  In  all  known  anthropoids,  both  recent  and  extinct,  the  powerful 
jaws  and  teeth  seem  to  be  adapted  for  tearing  open  the  tough  rinds  of  larger 
fruits,  while  early  man,  on  the  other  hand,  was  a  great  hunter  and  flesh 
eater,  like  most  primitive  tribes  of  the  present  day.  And  every  observer 
knows  what  eflicient  structures  the  incisors  and  canines  of  savages  are  in 
tearing  off  pieces  of  flesh. 
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"Hence  all  the  non-anthropoid  and  distinctively  human  features  in  the  den- 
tition of  man  seem  to  be  relatively  late  specialisations,  which  constitute  a 
functionally  correlaled  series.  This  complexly  interrelated  series  of  more 
or  less  simultaneous  changes  included  the  following  elements: 

(1)  Shortening  of  the  muzzle  and  symphysis. 

(2)  Retraction  of  all  the  anterior  teeth,  the  incisors  becoming  more  erect, 
the  canines  decreasing  in  size,  and  the  'edge-to-edge  bite'  becoming  fur- 
ther emphasized. 

(3)  Reduction  in  size  of  the  front  lower  premolar  and  the  completion  of 
its  bicuspid  character. 

(5)  Increasing  convergence  of  the  opposite  tooth  rows  and  widening  of 
the  intercondylar  diameter  of  the  mandible  [figs.  300,  308). 

(6)  Rounding  of  the  molar  crowns  (Jig.  Z83),  progressive  obliteration  of 
the  Dryopithecus  pattern  of  the  molars  {fig.  286)  and  in  some  cases  pro- 
gressive loss  of  the  hypoconulid  on  the  second  and  third  lower  molars. 
Progressive  reduction  of  the  third  upper  molar  from  a  more  quadrilateral 
to  a  more  tritubercular  pattern. 

(7)  A  change  in  the  predominant  movement  of  the  mandible  from  a  more 
ruminant-like,  obliquely  transverse  movement,  to  movements  jn  all  direc- 
tions and  of  a  partly  rotary  character.  (Especially  correlated  with  the 
reduction  of  the  canines.) 

(8)  A  long  and  complexly  interrelated  series  of  changes  connected  with 
the  assumption  of  the  upright  posture,  the  enormous  increase  in  the  brain- 
case  and  consequent  balancing  of  the  head  upon  the  neck.  This  influenced 
the  dentition,  especially  by  changing  the  insertion  areas  of  the  jaw  muscles 
{cf.  Miller,  1915)  and  perhaps  permitted  retrogressive  changes,  due  to  the 
diminished  functional  importance  of  teeth  as  compared  with  brains. 

(9)  A  final  shifting  and  readjustment  of  the  whole  lower  dental  arch  in 
such  a  manner  that  the  upper  incisors  finally  overhung  the  lower  incisors, 
and  that  each  lower  molar,  which  formerly  articulated  with  two  upper 
molars,  comes  to  articulate  [on  the  outer  side]  chiefly  with  only  one  upper 
molar." 

"In  brief,  the  skull  and  dentition  of  more  advanced  types  of  man  in 
comparison  with  those  of  all  anthropoids  exhibit  the  following  adaptive 
characters: 

"Although  thU  "end-to-ead"  articulation  of  upper  and  lower  molars  is  regarded  by 
orthodontists  as  abnormal,  yet  it  represents  a  structural  stage  beyond  the  nonnal  and 
further  away  from  the  primitive  anthropoid  condition;  and  as  it  occurs  in  a  considerable 
percentage  of  well-preserved  modem  dentures,  it  may  become  more  frequent  in  the 


426  WILLUH    K.    GKEGOSY 

enormous  expansion  and  deepening  of  the  bruncase;  extreme  shortening 
of  the  face; 

retraction  of  the  front  part  of  the  lower  dental  arch; 

reduction  in  size  of  the  dentition; 

upper  and  lower  tooth  rows  forming  a  more  or  less  rounded  arch;  canines 
not  protruding  much  above  the  level  of  the  other  teeth;  anterior  lower  pre- 
molars transversely  widened  and  fully  bicuspid; 

fusion  of  the  premaxillaries  with  the  mamillaries; 

lower  jaw  with  progressively  protruding  chin,  early  losing  the  inferior 
symphyseal  ledge; 

reduction  of  the  supraorbital  crest  (tori  supraorbitales); 

extreme  retraction  of  jaws  beneath  braincase; 

articular  eminence  for  the  lower  jaw  small  and  Strongly  convex    .    .     . ; 

glenoid  fossa  becoming  deep; 

zygomatic  arch  feeble; 

mastoid  processes  large  and  prominent; 

tympanic  plate  {which  is  elongate  and  spout-like  in  the  lower  anthro- 
poids) abbreviated; 

carotid  canal  (which  pierces  the  petrosal)  much  enlarged 

ifii-  3iO)."^ 

n.  THE  DENTITION  OF  EXTINCT  AND  OF  RECENT 
HOMINID.E 

In  the  succeeding  pages  I  shall  review  further  evidence  tending  tx> 
show  that  the  jaws  and  dentition  of  the  extinct  Hominidse,  especially 
those  of  the  Heidelberg  man  and  of  the  Mousterian  youth,  retained 
numerous  characters  reminiscent  of  the  Dryapithecus  group  of  the 
Simiidx;  that  many  of  their  diagnostic  human  characters  may  fairly 
be  interpreted  as  quantitative,  or  allometric,  changes  from  the  Drya- 
pithecus type,  while  others,  such  as  the  substitution  of  the  +-shaped 
for  the  "  Drypopilftecus"  pattern  of  the  lower  molars,  arise  through 
a  mingling  of  "allometric"  and  " rectigradational,"  or  qualitatively 
new,  changes;  abo  that  distinct  traces  of  the  evolution  of  the  older 
or  simian  condition  into  the  newer  or  human  stage  are  observable. 

PITHECANTHROPUS  ERECTUS 

In  Part  IV  it  was  noted  that  the  exact  geological  age  of  PUhecan- 
tkropus  erectus  has  been  long  disputed,  its  discoverer,  Dubois,  assign- 
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ing  it  to  the  Pliocene,  but  later  investigators  regarding  it  as  of  early 
or  mid-Pleistocene  age.  It  was  associated  with  a  varied  fauna  of 
mammals  closely  related  to  those  of  the  Indian  Siwaliks,  of  Pliocene 
age  (Osbom,  1915,  p.  76)  and  it  thus  affords  another  item  of  evi- 
dence in  favor  of  the  widely  accepted  opinion  that  man  originated  in 
central  Asia.  The  precise  zodlogical  status  of  Pithecanthropus  is 
also  still  unsettled;  and  at  present  it  is  largely  a  matter  of  definitions 
and  of  individual  viewpoint  whether  we  regard  it  as  a  very  pro- 
gressive but  aberrant  ape,  a  very  primitive  man,  or  a  true  "missing 
link."  In  any  event  its  value  is  not  lessened,  as  indicating  the  close 
relationship  of  the  Simiidse  and  the  Hominid^. 

If  the  HominidEC,  as  I  believe  probable,  have  been  derived,  in 
Miocene  times,  from  that  section  of  the  Dryopithecus-Sivapiihecus 
stock  which  gave  rise  to  the  gorilla-chimpanzee  group,  then  the 
Pliocene  Hominidie  or  "precursors"  must  have  had  canine  teeth  and 
dental  arches  which  were  in  a  transitional  stage  between  that  of  the 
Miocene  Dryopithecus  and  the  definitive  human  stage  attained  in 
Pleistocene  and  later  men.  Such  transitional  conditions  have  been 
assigned  to  Pithecanthropus,  in  the  reconstructions  of  its  skull  and 
dentition  by  Dubois,  McGregor  and  others,  and  would  seem  to  be 
warranted  by  the  more  ape-like  form  of  its  calvarium  and  temporal 
muscle-area  and  by  the  extremely  large  size  and  low  characters  of  its 
upper  molar  teeth.    But  the  pakeontological  proof  is  not  yet  at  hand. 

The  two  upper  molar  teeth  assigned  to  this  genus  have  been 
described  in  Part  IV,  fig.  269.  The  pattern  of  m^  it  was  observed, 
may  perhaps  have  been  derived  from  that  of  the  corresponding  tooth 
of  Dryopithecus  punjabicus.  The  internal  and  external  roots  are 
large  and  very  widely  divergent.  The  second  upper  molar,  if  cor- 
rectly identified  as  such,  has  the  posterior  external  cusp  reduced 
perhaps  even  to  a  greater  degree  than  it  is  in  later  races. 

HOMO   HEIDELBERCENSI5 

This  famous  lower  jaw  {fig.  318),  which  was  described  by  Schoeten- 
sack  in  1908,  was  found  embedded  in  undisturbed  sand,  in  a  quarry 
at  Mauer,  near  Heidelberg,  Germany,  at  a  depth  of  more  than  76 
feet  below  the  surface.  Schoetensack  took  e\ery  precaution  to 
secure  and  record  the  most  irrefutable  evidence  of  the  genuineness 
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and  geological  antiquity  of  the  specimen,  which  was  found  in  a 
stratum  containing  the  fossil  bones  of  several  extinct  Pleistocene 
mammals,  including  the  ancient  elephant  {Elephas  antiquus),  the 
lion  and  the  Mosbach  horse.  These  animals,  together  with  the 
Heidelberg  jaw,  are  regarded  by  Osborn  (1915,  pp.  95,  96),  as  belong- 
ing to  the  Second  Intergladal  Stage  of  the  mid-Pleistocene,  but 
Schoetensack,  Geikie  and  other  authors  assign  them  to  the  First 
Intergladal  Stage  of  the  Lower  Pleistocene.  If  of  Lower  Pleistocene 
age,  the  Heidelberg  jaw  shows  that  the  most  important  diagnostic 
characters  of  the  dentition  of  the  Hominidas  had  already  been 
acquired  at  the  beginning  of  the  Pleistocene  epoch  and  indicates  that 
prehuman  transitional  conditions  must  be  sought  in  earlier  geological 
ages.  If,  on  the  other  hand,  the  Heidelberg  jaw  dates  only  from  the 
Middle  Pleistocene,  then  transitional  conditions  may  be  looked  for 
as  late  as  the  Lower  Pleistocene  or  Upper  Pliocene.  In  any  event, 
if ,  as  I  deem  probable,  the  Hominidte  began  to  diverge  rapidly  from 
the  Dryopitkecus-gToup  in  the  Middle  or  Upper  Miocene,  then  transi- 
tional stages  may  be  sought  from  the  Upper  Miocene  through  the 
Upper  and  Lower  Pliocene  into  the  Lower  Pleistocene, 

As  to  the  detailed  characters  of  the  Heidelberg  jaw  and  dentition, 
it  is  evident  that,  as  compared  with  those  of  all  known  earlier  pri- 
mates, it  has  assumed  a  new  and  distinctly  human  habitus.  The 
lower  dental  arch  is  short,  wide,  and  evenly  round  in  front,  the  teeth 
disposed  in  continuous  series  without  diastemata,  the  crowns  of  all 
the  incisors  and  canines  forming  an  even  series;  the  canines  small 
and  not  protruding  above  the  level  of  the  other  teeth,  the  lower 
canines  somewhat  suggesting  incisors  in  form ;  the  incisors  with  nearly 
vertical  rather  than  procumbent  crowns;  premolars  small,  the  anterior 
premolars  without  the  "sectorial"  form  of  the  antero-extemal  face; 
the  lower  molars  wide  and  rounded,  with  five  main  cusps  and  flat- 
topped  crowns,  the  pattern  being  of  primitive  human  type;  the  whole 
tooth  row  apparently  adapted  for  a  rotary,  grinding  motion  of  the 
jaw;  motar  taurodontism,  or  vertical  deepening  of  the  pulp  cavity  at 
the  expense  of  the  roots,  much  more  pronounced  than  in  modem 
jaws,  but  much  less  so  than  in  Krapina  neanderthaloids. 

The  jaw  itself  recalls  the  anthropoid  type  in  the  strongly  receding 
chin,  in  the  extreme  stoutness  of  the  corpus  mandibulie,  in  the  great 
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width  of  the  ascending  ramus,  and  of  the  diameter  across  the  condyles, 
in  the  shallowness  of  the  sigmoid  notch,  and  in  the  restricted  space  in 
front  for  the  tongue;  but  it  is  essentially  human  in  the  shortness 
of  the  bony  shelf  below  the  "genial  tubercles,"  in  the  placing  of  the 
bony  attachment  points  of  the  digastric,  geniohyoid  and  geniohyo- 
glossus  muscles  (A.  S.  Woodward,  1900)  and  in  the  marked  diver- 
gence of  the  opposite  rami.  AH  of  these  and  other  characters  collec- 
tively indicate  that  the  Heidelberg  race  was  more  primitive  than  and 
probably  ancestral  to,  the  Neanderthal  race;  and  Professor  McGregor, 
after  extremely  thorough  consideration  of  the  subject,  has  recon- 
structed the  palate  and  skull  along  pre-Neanderthaloid  lines,  giving 
the  skull  a  quite  low  forehead,  prominent  supraorbital  tori,  an 
elongate  form  and  rounded  upper  dental  arch. 

Beneath  the  primitive  human  habitus  of  the  dentition  some  remains 
of  an  older  simian  heritage  are  still  preserved.  Thus,  as  shown  in 
fg.  265,  the  premolars  have  the  patterns  fundamentally  identical 
with  those  of  Sivapithecus,  the  most  conspicuous  difference  being  the 
more  symmetrical  form  of  the  anterior  premolar,  the  anterior  external 
face  of  which  is  non-sectorial,  in  correlation  with  the  reduced  size  of 
the  upper  canines.  But  the  resemblance  is  much  closer  to  Sha- 
pUhecus  than  to  the  much  older  Propliopithecus  in  the  premolars  and 
in  the  molars,  and  this  is  one  reason  (although  not  the  principal  one) 
why  the  relationship  seems  nearer  to  the  later  than  to  the  earlier 
anthropoid.  The  Dryopitkecus  pattern  is  still  fairly  well  preserved 
in  the  first  molar,  which  is  always  the  most  conservative  of  the  series, 
but  in  the  second  molar  the  enlargement  and  widening  of  the  two 
main  cusps  of  the  posterior  moiety,  namely,  the  hypo-  and  ento- 
conids,  and  the  reduction  of  the  hypoconulid,  has  brought  the  furrow 
that  separates  the  meta-  and  the  entoconid,  into  transverse  align- 
ment with  the  one  between  the  proto-  and  the  hypoconid,  while  the 
median  longitudinal  furrow  is  becoming  straighter,  less  meandering 
in  its  course,  so  that  the  human  -|--shaped  pattern  is  nearly  com- 
plete. In  the  third  molar  the  crown  is  becoming  short  and  rounded, 
as  in  man,  but  although  the  evidence  is  not  entirely  clear  it  seems 
probable  that  a  reduced  sixth  cusp,  homologous  with  that  of  the 
Dryopitkecus  punjabicus  group,  was  in  process  of  fusing  with  the 
hypoconulid. 
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Fig.    31S.  Mandiblz   ov    Homo   hddelbtrgttisis.    After    Schoeteksack.   Oneh 
Natubal  Sue 
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Fic.    318.  Mandible    op    Bomo   hadelbergensii.    After    Schoetensack.    One  h 
Natubal  Size 
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The  phyletic  relationship  of  Hotno  heidelbergensts  is  discussed  in  my 
"Studies  on  the  Evolution  of  the  Primates"  (1916,  pp.  322-323)  as 
follows : 

".  .  .  .  The  dentition  of  Homo  heidelbergensis  differs  from  that  of 
H.  sapiens  only  in  retaining  certain  primitive  characters  which  are  fre- 
quently lost  in  the  higher  types.  The  mandible  itself  also  differs  from 
the  higher  type  solely  in  its  greater  size  and  numerous  more  primitive 
characters. 

"Hence  I  recognize  no  character  in  this  species  which  would  definitely 
exclude  it  from  ancestry  to  H.  sapiens  and  as  it  differs  from  the  later  type 
and  also  from  H.  neanderthaiensis  only  in  its  more  primitive  characters 
and  far  greater  geological  age  I  see  no  reason  for  regarding  it  as  an  aberrant 
side  line. 

"The  gigantic  size  of  H.  heidelbergensis  might  be  cited  as  a  specialization 
that  would  exclude  this  species  from  the  direct  line  leading  to  H.  sapiens, 
on  the  ground  that  in  many  other  phyla  of  mammals  the  gigantic  members 
are  supposed  not  to  be  ancestral  to  the  smaller  existing  races.  But,  how- 
ever it  may  have  been  in  other  phyla,  a  large  stature,  or  more  precisely  a 
massive  head  and  thorax,  may  well  be  expected  in  the  ancestral  Hominidse. 
When  the  ape-men  definitely  abandonedthe  forests  and  intruded  themselves 
into  the  gigantic  and  well-armed  fauna  of  the  plains,  we  may  be  sure  there 
was  no  place  for  undersized  gibbon-like  beings  of  pacific  habits,  but  all  the 
conditions  at  first  favored  the  evolution  of  powerful  and  aggressive  hunters 
and  fighters,  killing  with  the  crudest  weapons  and  tearing  off  the  raw 
meat  with  their  powerful  jaws.  As  the  jaw  of  the  Heidelberg  man  is  lower 
in  type  than  that  of  the  Neanderthals,  it  seems  likely  that  his  intelligence 
was  also  of  a  lower  order,  the  face  extremely  heavy,  and  the  forehead 
retreating,  a  conception  well  worked  out  in  Professor  Rutot's  restoration, 
.  .  .  ,  Finally,  as  the  teeth  are  at  least  generically  identical  with  those 
of  H.  sapiens,  I  see  no  good  evidence  either  for  regarding  the  Heidelberg 
race  as  a  distinct  genus  or  for  pushing  far  back  into  the  Lower  Pliocene  the 
supposed  point  of  divergence  between  the  lines  leading  to  H.  heidelbergensis 
and  ff.  safrieiis,  as  in  Professor  Keith's  diagram  (1915,  p.  501}." 

HOMO   NEANDERTH.\LENSIS 

Toward  the  end  of  the  Third  Interglacial  Period  of  the  Pleistocene 
or,  as  some  hold,  during  the  Second  Interglacial  Period,  remains  of 
the  Neanderthal  race  were  left  in  various  cave  deposits  in  central 
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Europe.  A  long  line  of  investigators  have  contributed  to  our  knowl- 
edge of  the  skeletal  anatomy  of  these  extraordinary  beings,  perhaps  the 
most  complete  memoir  being  Boule's  description  of  the  old  man  of 
Chapelle-aux-Saints. 

Although  the  Neanderthaloids  had  reached  the  human  grade  of 
organization  in  most  parts  of  the  skeleton,  they  retained  some  impor- 
tant characters  reminiscent  of  an  early  semi-erect  heritage.  The 
massive  head,  instead  of  being  fully  balanced  on  top  of  the  column, 
was  supported  by  a  short,  heavy,  forwardly-sloping  neck,  the  bones 
of  which  recall  those  of  a  chimpanzee  in  having  elongate  neural 
spines.  In  association  with  the  posture  of  the  head  and  the  rela- 
tively feeble  development  of  the  fore-part  of  the  brain,  the  prepitui- 
tary  plane  of  the  skull  was  much  less  bent  downward  than  it  is  in 
modern  human  skulls. 

As  shown  by  Keith  (1914),  the  combination  of  a  lesser  deflection 
of  the  forepart  of  the  brain-floor  with  a  forwardly-sloping  neck 
affords  room  for  the  massive,  deep  lower  jaw;  which  could  not  be 
accommodated  beneath  an  erectly  placed  head  with  sharply  deflected 
prepituitary  plane.  The  depth  of  the  lower  jaw,  the  strength  of  the 
ascending  ramus,  the  depth  of  the  alveolar  process,  and  the  great 
development  of  the  supraorbital  tori,  are  possibly  all  more  or  less 
closely  correlated  with  a  peculiar  specialization  of  the  teeth  known  as 
taurodontism  and  with  the  powerful  grinding  action  of  the  lower  jaw, 
which  in  old  individuals  causes  all  the  lower  teeth  to  be  worn  down 
nearly  to  the  same  plane.  The  lower  molars  (and  probably  the  upper 
molars)  show  a  progressive  deepening  of  the  pulp  cavity  and  con- 
comitant shortening  of  the  roots,  as  we  pass  backward  from  mi  to 
ma,  so  that  in  extreme  cases  the  molar  becomes  almost  as  hypsodont 
as  it  is  in  some  ruminants  (whence  the  name  "taurodont"). 

The  taurodont  condition  of  the  cheek  teeth  has  been  cited  by 
Adloff  (1908)  and  accepted  by  Keith  (1913)  as  a  speciaHzation  (pos- 
sibly for  triturating  tough  vegetable  food  [Keith])  which  definitely 
excludes  the  Neanderthaloids  from  direct  ancestry  to  any  of  the 
later  human  races.  Keith  at  first  supposed  that  the  taurodont  char- 
acters had  been  lost  in  later  races,  but  afterwards  he  fully  accepted 
Adloff's  conclusion.  To  those  who,  like  the  writer,  believe  that 
degeneration  or  loss  of  characters,  has  played  a  large  part  in  human 
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evolution,  the  loss  or  reduction  of  taurodontism  is  easily  conceivable. 
But  as  the  molars  of  the  Galley  Hill  jaw  (a  specimen  which  may  be 
older  than  any  of  the  Neanderthaloids)  show  only  a  slight  degree  of 
taurodontism,  it  is  possible  that  Adloff  and  Keith  may  be  right,  and 
that  the  extreme  Pleistocene  Neanderthaloid  specialization  may  bear 
somewhat  the  same  relation  to  the  modern  specialization  as  the 
excessive  increase  in  number  and  fineness  of  plates  in  the  molars  of 
the  Pleistocene  mammoth  bear  to  the  more  primitive  condition  which 
has  been  retained  by  the  modern  Indian  elephant. 


Fig.  330.  Drawings  frosi  Skiacraus  of  Kir.HT  Loher  Molars.    After  Keitb 
(t)  Modem  European,  (2)  Heidelberg  mandible.  (3)  a  Krapina  mandible;  a,  a',  inner 
root  septum.     (1)  and  (2)  after  Schoeten&ack;  (3)  after  Kramberger.     Natural  size. 

Perhaps  in  correlation  with  the  rotary  action  of  the  mandible  and 
with  the  edge-to-edge  bite  of  the  incisors,  the  articular  eminence  of 
fully  adult  Neanderthaloid  skulls  is  much  less  pronounced  than  it  is 
in  most  modern  races,  and  the  glenoid  fossa  much  shallower.  The 
form  and  relations  of  these  parts  and  of  the  tympanic  plate  and 
mastoid  process  are  indeed  to  some  extent  reminiscent  of  conditions 
in  the  anthropoids  (Boule,  Keith). 
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Dentition  oj  the  "Mouslerian  youlW 

Tke  skull  and  dentition  of  the  "Mousterian  youth"  are  represented 
by  an  excellent  cast,  showing  many  of  the  finer  details  of  the  denti- 
tion, in  the  J.  Leon  Williams  Collection  of  the  American  Museiun  of 
Natural  History.  I  also  had  for  comparison  some  photographs  of 
the  original  skull  and  dentition  kindly  supplied  by  Dr.  J.  A.  Harris. 
This  is  the  famous  type  of  "Homo  mousteriensis  Bauseri"  that  was 
excavated  at  he  Moustier  in  the  Vezere  Valley,  France,  in  1908  and 
described  by  Ktaatsch  (1910).  It  was  associated  with  flint  imple- 
ments of  earliest  Mousterian  age  (Osborn,  1915,  p.  222).  The 
individual  was  a  young  mate,  judged  to  be  about  sixteen  years  old, 
with  the  third  upper  and  lower  molars  of  both  sides  nearing  the 
period  of  eruption.  The  left  permanent  canine  was  impacted,  and  is 
preserved  in  the  jaw,  the  deciduous  canine  being  still  in  place  The 
dentition  of  this  remarkable  specimen  was  briefly  noticed  by  Klaatsch 
(1910)  and  more  carefully  described  by  Adioff  (1910)  but  neither  of 
these  authors  mention  the  fact  that  the  little  worn  crowns,  espe- 
cially of  the  cheek  teeth,  retain  many  highly  important  primitive  or 
simian  characters. 

The  dentition  as  a  whole  {fig.  324)  is  distinctly  macrodont,  though 
not  nearly  as  large  as  that  of  the  Tatgai  youth.  The  large,  wide 
central  upper  incisors  have  a  sharp,  flat  cutting  edge,  the  right  central 
apparently  showing  a  faint  trace  of  the  denticulation  so  often  seen 
in  anthropoid  incisors.  The  cutting  edge  of  the  left  central  incisor 
has  a  slightly  indicated  apex,  a  remnant  of  the  original  apex  in  more 
primitive  forms.  As  seen  in  side  view,  the  long  roots  of  the  two 
central  incisors  are  markedly  inclined  backward,  in  accordance  with 
the  very  strong  prognathism  of  the  upper  jaw.  The  labial  face  of 
the  centrals  is  gently  convex  in  the  middle,  flattened  below  and 
strongly  convex  at  the  sides.  As  seen  in  front  view  the  sides  of  the 
central  incisors  converge  rapidly  toward  the  neck  and  there  is  a 
marked  excess  in  the  transverse  diameter  of  the  lower  end  of  the 
tooth.  But  the  central  incisors  are  not  as  wide  as  they  are  in  many 
chimpanzees  and  there  is  less  excess  of  the  transverse  diameter  of  the 
lower  end.  The  lingual  surface  shows  a  slight  folding  around  at  the 
sides  in  continuation  with  the  cutting  edge,  so  that  if  the  tooth 
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were  much  worn  it  would  approximate  the  shovel-shaped  section 
seen  in  the  Krapina  men  and  in  various  modem  races,  but  there  is 
little  if  any  fossa  or  concavity  on  the  lingual  face.  The  basal  tubercle 
(tuberculum  dentale)  seen  in  many  anthropoids  is  represented  by  a 
wide  eminence,  the  broadly  convex  surface  of  which  is  interrupted  by 
one  or  more  vertical  grooves,  and  on  the  left  central  by  a  feeble  trace 
of  the  median  ridge  of  anthropoids  and  of  primitive  human  incisors. 
Thus  the  central  upper  incisors  are  of  quite  low  human  type,  clearly 
allied  in  form  especially  to  those  of  chimpanzees  and  gorillas,  but 
differing  in  the  smaller  size  of  their  roots  and  in  their  decidedly  less 
protruding  or  prognathous  form  and  position. 

The  lateral  upper  incisors  differ,  from  those  of  chimpanzees  and 
gorillas  in  their  alignment,  since  their  labial  surface  faces  obliquely 
outward  rather  than  forward.  This  is  correlated  with  the  loss  of  the 
diastema  between  the  lateral  incisor  and  the  canine,  and  with  the 
reduction  in  size  of  the  lower  canine,  the  tip  of  which  is  no  longer 
thrust  between  the  lateral  upper  incisor  and  the  upper  canine.  The 
roots  of  the  lateral  upper  incisors  are  much  smaller  than  those  of  the 
centrals.  The  whole  tooth,  crown  and  root  together,  is  curved  well 
backward,  lying  behind  the  central  incisor  and  in  front  of  the  canine. 
The  lower  part  of  the  labial  surface  differs  from  that  of  most  apes  in 
being  nearly  vertical  instead  of  being  inclined  forward;  the  upper 
part,  on  the  other  hand,  slopes  upward  and  backward  toward  the 
recumbent  root.  As  seen  from  in  front,  the  labial  surface  has  its 
sides  less  sharply  divergent  than  in  the  centrals.  On  the  left  side 
the  labial  surface  is  higher,  narrower  and  less  divergent  toward  the 
lower  end  than  on  the  right. 

The  loss  of  a  diastema  between  the  lateral  incisor  and  the  canine 
has  been  one  of  the  conditions  that  has  permitted  the  lateral  incisor 
to  become  an  intermediate  in  form  between  the  central  and  the 
canine.  At  least  in  most  of  the  great  apes,  on  the  other  hand,  the 
lateral  incisor  is  widely  different  in  form  from  the  canine — as  a  rule 
much  more  primitive,  more  like  the  lateral  incisor  of  the  gibbons,  of 
Propliopithecus  and  the  lower  primates.  Hence  the  lateral  upper 
incisor  of  the  Mousterian  youth  of  Upper  Pleistocene  age  is  in  a 
far  more  advanced  stage  of  evolution  than  that  of  typical  modern 
anthropoids.     This  is  especially  conspicuous  on  the  lingual  \'iew  of 
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the  tooth;  on  the  right  side  this  is  pro\ided  vitix  a  deep- central  fossa, 
a  prominent  cusp-like  tuberculum  dentale  which  is  connected  with 
the  greatly  thickened  cingulum,  which,  in  turn,  runs  respectively 
to  the  "mesial"  and  "distal"  borders,  the  whole  arrangement 
being  a  notable  advance  toward  the  deeply  fossed  lateral  incisors  of 
certain  existing  Hominidie.  That  this  relati\-ely  high  specialization 
should  be  attained  as  early  as  Upper  Pleistocene  times  is  in  no  way 
surprising,  in  \iew  of  the  fact  that  some  other  Pleistocene  mammfds 
are  actually  in  a  more  advanced  stage  of  evolution  than  that  which 
is  presen'ed  in  their  more  conseirative  modem  relatives.  The  fact 
of  this  specialization  by  no  means  excludes  the  Hominidae  from  rela- 
tively close  relationship  with  the  existing  anthropoids,  which  have 
usually  retained  a  more  primitive  condition  of  this  tooth,  while  at 
the  same  time  they  have  specialized  in  other  ways,  such  as  the  extreme 
width  of  the  central  incisors. 

There  are  numerous  examples  of  convergence  in  form  between 
adjacent  teeth,  as  when  the  lower  canines  have  been  taken  over  into 
the  incisor  series  (e.g..  lemurs,  ruminants)  or  when  an  upper  canine 
has  become  premolariform  (e.g.,  Sag/iallierium).  Adloff  and  other 
writers,  neglecting  such  well-founded  palxontological  facts  and  notic- 
ing in  the  Mousterian  youth  and  other  dentures  the  structural  transi- 
tion from  the  central  upper  incisors  to  the  laterals,  to  the  canines  and 
thence  to  the  premolars,  assume  that  it  proves  that  all  the  teeth 
have  acquired  their  existing  form  through  the  transformation  of  one 
ground  plan  (Adloff) ;  only  we  have  a  marked  divergence  of  opinion 
as  to  what  that  ground  plan  was,  from  the  double  triconodont  plan 
of  Bolk  to  the  "biscuspid"  plan  of  many  authors.  Bui  lo  search 
among  modem  and  exlinct  Hominidte  rather  than  among  the  theromorph 
reptiles  for  traces  of  the  "original  ground  plan"  of  Ike  human  dentition, 
is  lo  commit  an  anachronism,  the  enormity  of  which  is  measured  by  the 
time  interval  between  the  Permian  and  the  Pleistocene! 

Tlie  upper  canines  of  the  Mousterian  youth  are  approaching  the 
bicuspid  pattern  in  the  form  of  their  crowns,  but  their  roots  retain 
much  of  the  anthropoid  heritage,  since  they  are  large  and  long  and 
project  upward  above  those  of  the  premolars;  they  are  also  inclined 
backward,  but  to  a  less  degree  than  those  of  the  incisors.  The 
crowns  are  unlike  those  of  female  chimpanzees,  but  could  be  derived 
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from  them  by  a  marked  vertical  shortening,  so  as  to  reduce  the  tip 
nearly  to  the  level  of  that  of  the  anterior  premolar.  Allowing  for 
differences  in  wear,  the  crown  of  the  canine  is  more  abbreviate  verti- 
cally than  that  of  the  Piltdown  canine  (which  may  be  an  upper). 
On  the  whole  the  crown  of  the  upper  canine  is  decidedly  more  like 
those  of  Vemeau's  Grimaldi  dentition  (1916,  fig.  23),  of  Adioff's 
native  of  New  Britain  (1908,  Taf.  Ill),  and  of  certain  Chinese  and 
Indian  dentures  in  the  American  Museum  of  Natural  History.  Here 
then  is  the  greatest  difference  between  the  anthropoid  type  of  dentition 
and  thai  of  the  Mouslerian  youth.  In  the  view  of  many,  this  di^erence 
will  doubtless  far  outweigh  the  innumerable  characters  which  link  the 
existing  anthropoids  and  man  as  divergent  descendants  of  the  "ancient 
anthropomorphous  stock." 

The  lingual  surface  of  the  upper  canine  is  distinguished  by  the 
unusually  strong  development  of  the  basal  tubercle,  which  has  been 
derived  (as  shown  by  comparison  with  more  primitive  Primates) 
through  the  upgrowth  of  the  middle  portion  of  the  basal  cingulum,  as 
has  so  often  happened  in  the  premolar  teeth  of  many  phyla  of  mam- 
mals. The  cingulum,  as  in  the  incisors  and  premolars,  is  continued 
downward  and  merges  with  the  "mesial"  and  "distal"  (anterior  and 
posterior)  edges  of  the  crown — a  direct  advance  upon  conditions 
observable  in  the  canines  of  female  chimpanzees.  A  prominent 
medial  ridge  runs  downward  on  the  lingual  surface  of  the  canine  from 
the  basal  tubercle  to  the  conical  tip.  The  homologue  of  this  ridge 
may  readily  be  identified  in  the  upper  canines  of  various  anthropoids 
of  both  sexes.  As  may  be  seen  by  articulating  the  cast  of  the  lower 
jaw  with  that  of  the  upper,  the  internal  spur  (tuberculum  dentate) 
of  the  upper  canine  would  assist  in  holding  the  food  against  the 
upward  thrust  of  the  lower  canine  and  anterior  lower  premolar;  it 
comes  nearly  opposite  the  line  of  contact  of  these  two  teeth  It  is 
plainly  analogous  with  the  internal  spurs  (deuterocones,  inner  cusps) 
of  the  true  premolars,  which  cusps  press  the  food  against  the  talonid 
fosss  of  the  lower  premolars. 

The  lower  incisors  and  canines  of  the  Mousterian  youth  are  as 
well  preserved  as  the  upper  and  fully  as  important  from  an  evolu- 
tionary viewpoint.  The  tower  dental  arch  is  essentially  similar  to  that 
of  the  Heidelberg  man  and  very  unlike  those  of  anthropoids,  prob- 
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ably  as  a  result  (a)  of  the  reduction  of  the  canines,  (b)  of  the  more 
vertical  position  of  the  incisors,  and  (c)  of  the  widening  of  the  inter- 
condylar diameter.  Although  the  crowns  of  the  Icwer  incisors  are 
nearly  vertical,  and  meet  their  opponents  of  the  upper  jaw  in  an 
edge-to-edge  bite,  the  roots  are  inclined  gently  forward,  producing  a 
moderate  alveolar  prognathism,  the  effect  of  which  is  heightened  by 
the  lack  of  a  forwardly  projecting  bony  chin. 

The  central  louder  incisors  are  distinctly  smaller  than  those  of  typical 
modem  anthro|X)ids  and  have  the  wearing  edges  much  narrower 
transversely.  On  the  other  hand,  they  are  much  larger  than  those  of 
most  modem  Hominida.  The  cast  shows  no  trace  of  the  median 
ridge  on  the  lingua!  face  of  the  central  lower  incisor,  which  is  fre- 
quently prominent  in  the  homologous  teeth  of  anthropoids;  nor  is 
this  ridge  shown  in  the  Krapina  specimens  (Kramberger,  Taf.  VII, 
fig.  2a),  nor  do  I  find  it  in  various  modern  human  specimens  examined. 
(Its  presence  in  the  lateral  lower  incisor  is  noted  below.) 

The  lateral  lou-er  incisors  of  the  Mousterian  youth  are  consider- 
ably larger  and  wider  than  the  centrals.  They  differ  from  those  of 
modem  chimpanzees,  gorillas,  orangs  and  gibbons  in  that  their  edges 
lie  on  a  plane  which  is  little  if  any  above  the  general  plane  of  the 
molar  crowns,  while  in  anthropoids  the  plane  of  the  incisors  lies 
much  above  that  of  the  molars.  This  relation  in  the  Hominidae  is 
partly  associated  with  the  reduction  in  size  of  the  canines.  Id  con- 
nection with  the  lack  of  a  diastema  and  the  relatively  small  size  of 
the  canines,  the  wearing  surfaces  of  the  lateral  incisors  are  expanded 
laterally  and  sharply  truncate  all  across  the  crown,  whereas  in  modern 
anthropoids  the  lateral  edge  of  the  lateral  incisor  slopes  downward. 
Very  little  is  known  of  the  fomi  of  the  crown  of  the  lateral  lower 
incisors  in  fossil  ajithropoids.  but  there  can  be  no  doubt  that  in 
recent  anthropoids  the  general  form  of  the  crown  of  this  tooth  is  on 
the  whole  more  primitive,  more  like  the  conditions  in  recent  and 
fossil  lower  primates  (e.g.,  Oreopiihecus,  DolichopilJiecus).  Hence 
the  truncate  form  of  the  wearing  edge  of  the  lateral  incisor  of  the 
Mousterian  youth  and  of  all  other  Hominid£e  is  without  doubt  a 
distinctively  human  trait,  but  deriyed  from  the  more  primitive  con- 
ditions in  the  anthropoids. 
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The  lingual  surface  of  the  lateral  lower  incisor  bears  a  distinct 
median  keel,  confluent  below  with  the  median  tubercle,  which,  as  in 
the  upper  incisors,  is  continued  lateraUy  and  medially  into  a  marginal 
rim  running  up  toward  the  wearing  surface  of  the  crown  The 
median  keel  and  bordering  rim  are  less  sharply  de&ned  than  in  many 
anthropoids  examined.  In  the  Mousterian  youth  the  keel  seems  to 
fade  out  before  it  reaches  the  wearing  edge,  whereas  in  manyanthro- 
poids  and  even  in  some  modern  HominidEe  it  runs  up  to  the  wearing 
edge  and  is  continuous  with  the  middle  cusp  or  tip  of  the  crown. 
The  outer  or  labial  surface  of  the  incisor  crown  shows  little  if  any 
tendency  to  develop  a  corresponding  median  keel,  as  it  does  in  many 
anthropoids. 

The  lower  canine,  as  shown  on  the  right  side  of  the  jaw  of  the  Mous- 
terian youth,  tends  to  be  aligned  with  the  incisors  rather  than  with 
the  premolars,  as  it  is  in  anthropoids;  its  large,  forwardly-curved  root 
and  backwardly-curved  crown  as  seen  in  side  view,  enhance  its 
resemblance  to  the  incisors.  It  resembles  the  incisors  also  in  the 
vertical  depth  of  its  labial  surface  and,  when  the  lower  jaw  is  artic- 
ulated with  the  upper,  one  see  clearly  that  the  lower  canine  aligns 
itself  with  the  incisors  in  function  as  well  as  in  position.  On  the 
other  hand,  the  obtusely-pointed  form  of  its  tip  suggests  the  anterior 
premolar.  The  lingual  surface  shows  a  prominent  basal  tubercle  and 
a  wide  median  ridge  running  up  to  the  apex.  The  basal  cingulum  is 
continued  upward  into  the  "mesial"  and  "distal"  borders  of  the 
crown.  That  this  raised  rim  as  well  as  the  basal  tubercle  have  arisen 
from  the  cingulum,  and  become  confluent  with  the  median  and  lateral 
borders  of  the  crown,  is  proven  first  by  comparing  these  structures 
in  the  Mousterian  youth  and  other  Hominidx  with  the  plainly  homol- 
ogous elements  in  the  Simiidae,  and  secondly  by  following  these 
structures  down  through  the  lower  primates  (e.g.,  OreopUhecus, 
MesopUhecus,  Parapiikecus)  to  the  highly  primitive  conditions  in 
Eocene  lemuroids. 

From  the  mixture  oj  "incisor"  and  "premolar"  characters  of  the 
lower  canine  in  the  Mousterian  youth  and  other  Hominidce,  we  should 
assuredly  not  draw  any  such  inference  as  thai  in  the  ancestors  of  the 
Hominida  all  the  teeth  were  once  much  alike  in  form  or  that  they  were 
much  like  the  bicuspids.    To  do  so  would  be  to  neglect  the  important 
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uiiil    wvll   ostublisheU   principle   that  adjacent   teeth  often  tend  to 
l)etonie  alike. 

The  crown  of  the  lower  canine  of  the  Mousterian  youth,  as  of  all 
Iluniiiiidit'.  doubtless  a-presents  a  shortened  derivative  of  a  crown 
niucli  like  that  oi  the  lower  canine  of  Dryopithecus.  which  has  a 
[)oiuli.-«l  lip  ;uk1  faces  laterally  rather  than  antero-lateraUy.  If  the 
iviiiolc  ;mcestors  of  the  Mousterian  youth  did  not  have  a  canine  of 
nioie  normal  simian  I'orm,  how  arc  we  to  account  for  the  innumer- 
able  lies  of  siruciural  and  la^netic  affinity  of  man  with  the  primitive 
Kiaiit-apc  siivik.'  l"hai  the  Hominida?  ha\-e  not  been  derived  from  a 
i\trupUli(t:ui-\iV.v  stL>ck.  before  the  enlargement  of  the  canines,  is 
iiulitaU\l  by  the  relatively  close  resemblances  of  the  pronolais  and 
tiKilars  \>{  the  Mousterian  youth  to  those  of  such  advanced  anthro- 
IKikU  as>  Dryo/iilimiis  and  the  chimpanzee. 

tin  the  left  si<.le  the  pennanent  canine  is  impacted  and  the  small 
</('<  itiuoui  I  iiNtft^  is  still  in  place.  Its  tip.  althou^  worn,  was  never 
luftU.  and  its  basal  tubercle  is  relatively  quite  lai^.  This  fact  may 
U'ikI  further  color  to  the  rather  widespread  \iew  that  the  canine  of 
the  ancestral  Hominidie  was  a  sort  of  middle  term  between  the 
incis<.trs  and  premolars.  But  those  who  assume  that  the  deciduous 
di-ulition  is  more  primitive  (the  contrary  can  be  shown  in  some 
\.  aM-sl^  tlo  not  reflect,  drst.  that  a  suckling  mammal  will  rareh'  if  e\-er 
lia\i'  tK'  muscular  power  to  fight  as  \igorously  as  an  adult  and  hence 
il  would  have  no  need  of  enlarged  canines;  and  secondh",  that  for 
\  arious  reasons  (cf .  page  470  below)  the  deciduous  dentition,  instead 
ol  reiK-ating  adult  ancestral  histor\',  in  each  case  follows  its  own  line 
of  e\olution,  which  it  is  true  often  parallels  that  of  the  pennanent 
tlt'iilition  in  many  but  not  all  respects.  Hence  the  proper 
object  of  comparison  for  the  deciduous  canine  of  the  Mousterian 
\oulh  is  not  the  adult  but  the  deciduous  canine  of  various  anthro- 
poids. And  in  fact  we  find  that  it  bears  some  resemblance  to  the 
di'iiduous  canines  ol  anthropoids  but  differs  in  the  lowness  of  the 
iiowu  and  in  the  pronounced  development  of  the  basal  tubercle, 
Ijiilh  progressive  characters  of  the  Pleistocene  Hoimnidae, 

The  ufpcr  f>rcmoliirs  are  distinguished  by  the  more  pithecoid  char- 
iictiTs  of  their  crowns,  as  may  be  seen  in  comparison  with  those  of 
Itrwpilfift'us  punjiihicus  (jig.  -51),  or  even  with  those  of  modan 
t  liitnpanzees  {fig.  -TS)  and  gorillas  (Hg.  276). 
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Along  with  these  resemblances  there  are  certain  notable  and 
important  differences  due  to  the  more  advanced  stage  of  evolution 
of  the  Mousterian  youth  as  compared  with  most  known  anthropoids. 
In  Dryopitkecus  punjabicus  {fig.  251)  each  upper  premolar,  as  figured 
by  Pilgrim  (1915,  pi.  3),  bears  on  the  surface  of  the  crowns  three 
distinct  fossa;  which  may  be  named,  respectively,  the  anterior,  the 
middle  and  the  posterior  fossa.  The  middle  fossa  is  well  separated 
from  its  neighbors  by  two  sharp  transverse  ridges,  lying  respectively 
in  front  of  and  behind  the  middle  of  the  tooth,  and  connected  on  the 
buccal  side  with  the  main  external  cusp  and  on  the  lingual  side  with 
the  internal  cusp.  These  three  fossje  are  more  or  less  distinctly  de- 
veloped in  ail  modem  anthropoids  examined  by  me,  but  sometimes, 
as  in  a  certain  orang  (Amer,  Mus.,  no.  19,548)  the  transverse  ridges 
are  low  and  not  very  conspicuous,  the  central  fossa  is  small  and  is 
represented  by  a  pit  or  fissure  which  on  the  right  anterior  premolar 
is  extended  antero-posteriorly,  dividing  the  crown  into  lingual  and 
buccal  moieties  and  tending  strongly  to  obscure  the  more  primitive 
arrangement. 

In  the  upper  premolar  of  the  Mousterian  youth  one  may  easily 
identify  the  anterior  and  the  posterior  fossae,  but  in  the  cast  only  a 
trace  of  one  of  the  transverse  crests  is  indicated,  while  the  middle 
transverse  fossa  is  no  longer  clearly  identifiable,  the  anterior  and 
posterior  fossa;  being  connected  by  a  narrow  isthmus,  so  that  there  is 
now  a  division  of  the  crown  into  buccal  and  lingual  moieties;  although 
the  resulting  antero-posterior  isthmus  is  not  as  fissure-like  as  it  is  in 
more  modernized  dentures.  In  the  second  upper  premolar  the 
anterior  and  the  posterior  transverse  fossa;  are  still  strongly  marked, 
but  the  two  transverse  crests  have  apparently  united  into  one,  and 
they  are  interrupted  in  the  middle  of  the  tooth,  so  that  here  again 
there  is  a  beginning  of  the  division  of  the  crown  into  buccal  and 
lingual  moieties. 

That  the  foregoing  is  the  correct  interpretation  of  the  morphology 
of  the  upper  premolar  crowns  of  the  Mousterian  youth  is  indicated 
in  several  other  primitive  human  dentures,  as  well  as  in  the  an- 
thropoids. In  a  palate  of  the  Krapina  race,  figured  by  Adioff 
(Taf.  WW,  fig.  33),  the  posterior  upper  premolar  shows  clearly  the 
anterior  and  the  posterior  fossx,  together  with  a  vestige  of  the  buccal 
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iais  *x.  tSe  r^irj^  5'>*d2  2i»f  <u  ifne  paxi:«£  -n-Trggr^T^ig  crests:  tbc 

I&  ;!^  srjxvx  spper  presyuzr  cic  z  MfJtrifrBtn  Xev  &iuni  ddld, 
apcrwi  "^r:  .V&jC  Tit.  V,  tf ,  19:  .  tie  ac^ffKr  ^msa  a  wry  shaxpiy 
'ieaaeri  icierioriy  by  t  Eyyvisc  oat  «  die  bflriar  ot  eIk  crowit  (as  in 
amtfcri^jwii  tsrf  [i«t«kiri}-  fay  i  ihup  miis^erse  cresc  which 
t^ptaoi  to  represecc  ii:«  uLtaior  imt  oi  tht  zrmsnrse  pur  ot  anthro- 
(Midi.  Kli2t  ii  apparcntiy  honxtkierics  vitk  tfv  nadidle  £ossa  (rf 
tMhKifMfii  u  ID  this  UMth  greatly  cnian^ed.  tha  poeurior  transvqse 
cnst  bcb^  cronrfied  back  Unrard  the  mr  tfvL  The  posterior  fossa 
13  abo  wefl  developed,  hrii^  beind  the  last-naiced  crest.  Again,  in 
the  vcn-  lai^  palate  oi  a  male  natix-c  oi  New  Britain,  ^occd  in 
AdioB's  Taf.  IV.ng.  l%a.  the  prenurfaia  =b(nr  dcailv  the  anteritv  and 
the  posterior  fossae;  but  while  both  proDolars  «  the  kit  ade  bear 
remnants  of  the  pair  of  transx-erse  crests,  the  anterior  [xciiKdar  of 
the  left  side  has  so  deep  an  anteroposterior  isthmus  that  no  trace 
of  the  crest  dicnrs,  at  least  in  the  %ure.  Tbe  "^ousterian  ymiU^' 
and  these  other  rdatkeiy  primitke  demtMres  tkewejore  meal  to  us  some 
of  the  steps  by  icfnch  the  modernized  Incus  fad  croxn  pattern  has  very 
probably  been  attained;  namdy,  by  the  loss  tri  the  paired  transverse  crests 
and  middle  fossa  and  by  the  subslUution  of  an  aniero- posterior  ^ssnre  or 
isthmus  connecting  the  anterior  and  the  posterior  fossa. 

The  buccal  roots  of  both  pronolais,  so  far  as  exposed,  are  single 
and  therefore  probably  represmt  a  complete  fusion  of  the  two  outer 
roots  of  Miocene  anthrc^id  pronolais.  Even  in  modem  human 
races  the  premolars  occasionally  ha\-e  two  outer  roots  (Wortman, 
1886,  p.  443J. 

The  loyxr  premolars  are  ver>-  reminiscent  of  anthnqwid  conditions. 
Each  one  bears  on  its  lingual  side  prominent  anterior  and  poster!or 
fossx  separated  by  trans\'erse  ridges.  The  anterior  fossa  of  the  first 
bicuspid  as  seen  from  above  is  triangular  in  outline  with  the  ^)ex 
directed  forward.  The  posterior  fossa  of  the  second  bicuspid  is  much 
latter  than  the  anterior  fossa  and  is  plainly  homologous  with  the 
corresponding  fossa  of  anthropoids. 

The  more  important  differences  from  anthropoids  are  the  follow- 
ing: <\)  In  correlation  with  the  smaller  size  of  the  upper  canine,  the 
tip  of  the  first  bicuspid  of  the  Mousterian  youth  is  lower  than  that  of 
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anthropoids  and  the  antero-extemal  face  is  but  slightly  flattened. 
(2)  In  the  second  bicuspid,  the  apex  and  the  trigonid  (anterior) 
fossa  are  reduced  nearly  to  the  level  of  the  posterior  moiety  or  incip- 
ient talonid.  (3)  Both  bicuspids  are  much  wider  in  proportion  to 
their  antero-posterior  length  than  are  the  homologous  teeth  of  anthro- 
poids. (4)  The  first  bicuspid  is  turned  somewhat  mesially  toward 
the  incisor-canine  arch,  whereas  in  anthropoids,  which  have  a  longer, 
less  widened  and  shortened  jaw,  the  first  bicuspid  is  antero-posterior 
in  position.  (5)  The  roots  of  the  bicuspids  are  crowded  and  reduced 
in  number,  whereas  in  anthropoids  they  are  unreduced.  In  all 
these,  as  in  many  other  particulars,  Ike  anthropoids,  especially  Dry- 
opilhecus,  are  plainly  more  fvimitive,  less  different  from  still  older  and 
lower  primates,  while  the  Mousterian  youth  represents  a  highly  progres- 
sive family  {Eominida)  in  which  the  jaws  have  been  greatly  shortened, 
the  intercondylar  diameter  excessively  widened,  the  molars  and  pre- 
molars -widened  transversely  and  shortened  anlero-posteriorly. 

Upper  molars.  The  first  upper  molar  is  perhaps  the  most  primi- 
tive and  conservative  of  all  the  upper  teeth.  The  general  contour  as 
seen  from  above  is  somewhat  rhomboid,  with  the  hypocone  project- 
ing well  backward.  The  primitive  crest  connecting  the  protocone 
with  the  metacone  is  well  developed  and  the  transverse  fissure  sepa- 
rating the  adjacent  bases  of  the  para-  and  metacones  is  almost  as 
sharply  defined  as  it  is  in  the  homologous  tooth  of  Dryopithecus  pun- 
jabicus.  The  cleft  separating  the  hypocone  from  the  protocone  is 
likewise  deep  and  sharp.  Thus,  as  in  the  last-named  anthro[K)id, 
the  surface  of  the  first  upper  molar  presents  four  transverse  fossa; 
separated  by  oblique  crests:  the  first,  lying  immediately  behind  the 
anterior  border,  presses  the  food  against  the  protoconid  of  the  lower 
molar,  while  the  oblique  ridge  behind  it  fits  between  the  proto-  and 
the  hypoconid;  the  second  or  central  fossa  of  the  upper  molar  receives 
the  hypoconid  of  the  lower  molar,  while  the  ridge  behind  it  fits  between 
the  hypoconid  and  the  hypoconulid  of  the  lower  molar;  the  third 
fossa  lies  on  the  lingual  side  of  the  crown  between  the  proto-  and  the 
hypocone,  and  receives  the  transverse  crest  on  the  entoconid;  the 
fourth  fossa  lies  buccad  to  the  hypocone  and  receives  the  hypoconulid 
of  the  lower  molar. 
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These  and  other  fundamental  agreements  with  the  primitive  an- 
thropoid type  of  upper  molar  are  naturally  accompanied  by  numerous 
important  differences,  perhaps  acquired  by  the  human  ancestors  of 
the  Mousterian  youth  in  the  immense  interval  between  the  Upper 
Pleistocene  and  the  Miocene. 

(1)  In  the  first  place  the  first  upper  molar  bears  a  distinct  but  not 
large  Carabelli  cusp  on  its  antero-intemal  comer,  but  neither  in  this 
skull  nor  in  the  Krapina  specimens  figured  by  Adloff  and  by  Gor- 
ganovic-Kramberger  does  this  cusp  attain  sufficient  size  to  reach  the 
general  wearing  level  of  the  crown.  Indeed  the  cusp  itself  in  the 
Upper  Pleistocene  Hominida;  is  plainly  a  derivative  of  the  basal 
cingulum,  which  in  many  anthropoids  has  a  pronounced  development 
on  the  antero-intemal  comers  of  the  crown. 

Many  authors  (including  Cope,  Adloff,  Osbom,  Schwalbe  and 
Jeanselme)  have  recognized  that  the  Carabelli  cusp  (tubercuium 
anomalum)  has  been  derived  from  the  cingulum.  But,  from  the 
absence  or  great  rarity  of  this  cusp  in  anthropoids  (Adloff  has  figured 
it  in  a  single  gibbon),  from  its  prevalence  in  the  adult  first  molar  of 
the  Krapina  men  and  of  many  lower  existing  races,  and  from  the 
high  frequency  of  the  cusp  in  the  second  milk-molar  of  modem  races, 
Adloff  (pp.  125-129)  concludes  that  the  possession  of  a  Carabelli 
cusp  is  a  primitive  human  character  which  sharply  separates  man 
from  the  anthropoids. 

From  this  and  certain  other  considerations  Adloff  concludes  that 
man  and  the  anthropoids  are  independent  derivatives  of  different 
and  wholly  unknown  pre-Eocene  mammals.  I,  on  the  other  hand, 
while  recognizing  that  the  Carabelli  cusp  (although  in  an  imperfectly 
developed  stage)  was  already  attained  by  some  Pleistocene  Hominidse, 
conclude  that  the  presence  oj  the  external  cingulum  at  the  anlero-inlemal 
corner  of  the  first  and  second  upper  molars  in  primitive  anthropoids, 
and  its  occasional  development  into  a  Carabelli  cusp  in  llie  gibbon,  pro- 
fide  us  with  the  starling  point  for  the  human  line  of  specialization,  and 
thai  a  comparison  of  lite  incipient  Carabelli  cusp  in  the  Mousterian 
youth  with  the  vigorous  development  of  the  anlero-tnternal  cingulum  in  a 
certain  chimpanzee  (Amer.  Mus.,  no.  10,276)  only  serves  to  emphasize 
tlie  relatively  close  structural  and  phyletic  relationship  belifeen  these 
two  genera. 
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Other  important  differences  of  the  upper  molars  of  the  Mousterian 
youth  from  those  of  modem  chimpanzees  and  gorillas  in  the  same 
stage  of  wear  are  the  following:  (2)  The  crowns  as  a  whole  are  more 
hyposodont  (taurodont),  (3)  The  principal  cusps  are  lower,  more 
obtuse.  (4)  The  small  accessory  cusp,  which  in  many  chimpanzees 
lies  behind  the  metacone,  is  absent  (it  is  present  in  Dryopithecus 
rkenanus  but  apparently  not  in  D.  punjabicus;  on  the  other  hand,  it 
is  present  in  m',  m',  of  a  certain  Indian  from  Peru).  (5)  The  pos- 
tero-extemal  borders  of  m',  m'  slope  backward  obliquely,  while  in  the 
Dryopilliecus  they  are  more  transverse.  (6)  The  hypocones  of  m', 
m*  are  relatively  larger  and  project  further  inward  than  they  do  in 
some  modern  chimpanzees  and  gorillas.  (7)  The  hypocone  of  m-  in 
the  Mousterian  youth  does  not  project  downward  to  the  level  of 
the  protocone,  whereas  in  modem  chimpanzees  and  gorillas  the 
homologous  cusp  of  m^  reaches  or  even  goes  beyond  the  level  of  the 
protocone  (in  m*  of  Dryopithecus  punjabicus,  however,  the  hypocone 
is  lower  than  the  protocone).  (8)  The  surfaces  of  the  crown  of  m',  m* 
are  less  delicately  furrowed  than  is  the  case  in  many  modem  chim- 
panzees, and  apparently  less  than  in  Dryopithecus  rkenanus.  In 
the  Krapina  specimens  (Gorjanovic-Kramberger,  Taf.  XIII),  how- 
ever, the  upper  molars  have  a  few  delicate  furrows  in  addition  to  the 
main  ones.  In  view  of  the  wide  range  of  variation  in  the  degree  of 
furrowing  in  Hominidfe  and  Simiidae,  no  great  phylogenetic  impor- 
tance may  be  ascribed  to  this  character.  (9)  In  m^  m*  a  distinct 
cuspule  at  the  junction  of  the  oblique  protocone  crest  with  the  anterior 
cingulum  is  present  in  D.  rkenanus,  D.  punjabicus  (Pilgrim,  PI.  2, 
Jig.  14)  and  in  some  gorillas  and  chimpanzees.  In  the  Mousterian 
youth  a  similarly  placed  cuspule  is  indicated  in  the  cast  of  the  sec- 
ond right  upper  molar,  but  is  hardly  distinguishable  from  the  pro- 
tocone crest  in  the  cast  of  m^,  of  both  sides.  In  one  of  the  Krapina 
dentures  figured  by  Gorjanovic-Kramberger  (1906,  Taf.  IV,  jig.  2), 
the  oblique  protocone  crest  is  angulate  but  apparently  bears  no  dis- 
tinct cusp.  In  m'  of  another  Krapina  specimen,  figured  by  Adloff 
(Taf.  VIII, /g.  3),  the  angle  of  the  oblique  protocone  crest  is  more  or 
less  cusp-like.  Cusps  in  this  position,  namely,  buccad  to  the  locus 
of  the  Carabelli  cusp  and  on  or  near  the  anterior  rim  of  the  tooth,  are 
shown  on  m',  m*,  and  m'  in  AdloEf's  figure  of  a  palate  of  a  native  of 


456  VniXlAll   K.  GREGORY 

Xew  Britain  (Taf.  \1,  fig.  ZS)  and  in  ro'  of  a  certain  Swabian  skull 
(Amer.  Mus.,  ^je).  (10)  The  two  outer  roots  of  m*  of  the  Mous- 
terian  youth  are  straighter  and  less  divergent  than  are  those  of 
Dryopitkecus  punjabicus  and  many  modem  anthropoids.  (11)  The 
third  upper  molar  of  the  Mousterian  youth  has  the  hypocone  smaller 
but  projecting  further  inward  than  in  Dryopitkecus  punjabicus  (Pil- 
grim, pi.  2,  fig.  5).  In  these  characters  it  agrees  with  one  of  the 
Krapina  specimens  (Gorj.-Kramberger,  Taf.  Xm,  fig.  3).  (12) 
The  third  upper  molar  of  the  Mousterian  youth,  as  in  all  Hominidx, 
was  delayed  in  its  eruption  until  long  after  the  other  upper  teeth, 
especially  canines,  were  in  place;  whereas,  as  in  all  modem  Simiidx 
and  probably  also  in  Dryopitkecus  fottlani,  the  third  molars  came  into 
place  quite  early.  But,  as  I  have  shown  elsewhere,  a  very  early 
emption  of  the  third  molar  is  surely  a  primitive  character  for  primates 
as  a  whole,  and  the  progressively  delayed  reduction  in  the  Hominidx 
is  surely  a  specialization  which  is  not  to  be  expected  in  their  simian 
ancestors. 

The  lower  molars  (especially  mi,  mt),  as  already  stated,  retain 
much  of  the  primitive  Dryopitkecus  pattern;  and  as  we  pass  from 
mi  to  mi  we  observe  the  progressive  obliteration  of  this  pattern, 
although  the  cmciform  or  +-shaped  pattern  is  not  fully  attained. 
The  first  molar,  as  in  all  other  Hominidas,  is  the  most  conservative. 
The  molars  differ  from  the  primitive  anthropoid  tj'pe  in  the  follow- 
ing characters: 

(1)  They  are  all  much  widened  transversely,  the  width  across  the 
posterior  moiety  being  relatively  far  greater  than  in  typical  anthro- 
poids. (2)  As  we  pass  from  mi  to  mj  the  "taurodont"  condition 
(see  above,  p.  442)  increases.  (3)  The  hypoconids  are  larger  and  the 
hypoconulids  smaller  than  in  typical  anthropoids.  (4)  All  the  main 
cusps  are  lower  and  blunter,  so  that  the  general  wearing  surface  of 
the  crown  would  have  been  nearly  flat  when  much  worn,  (5)  The 
antero-posterior  length  of  mi,  as  compared  with  the  combined  length 
of  the  two  bicuspids,  is  much  greater  in  the  Mousterian  youth  and 
in  other  Hominidie  than  in  Dryopitkecus  rhenanus,  as  shown  in  the 
following  comparative  table: 
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Length  ofm,-f-lmglk  of  p,+  p, 

Dryopilhecui  rhetmnut  d" 0.57 

Mousterian  youth  d' 0.75 

Illinois  Indian  d' 0.88 

"Hindoo"  (South  India)  d" 0.84 

"Bedouin"  9 0.75 

lliis  means  that  in  the  primitive  anthropoid,  Dryopithecus  rhenanus, 
the  premolars  are  relatively  long,  the  jaw  itself  being  elongate.  In 
the  Mousterian  youth  the  space  for  the  premolars  has  been  decidedly 
shortened,  while  the  first  molar  is  relatively  and  absolutely  larger. 
This  tendency  is  still  more  pronounced  in  the  male  Indian  jaw,  which 
has  a  very  large  first  molar.  But  when  we  come  to  the  small-jawed 
female  Bedouin,  the  first  molar  has  lost  some  of  its  superiority  in  size 
over  the  small  premolars  and  the  ratio  falls  to  0.75. 

(6)  In  Dryopithecus  rhenanus  the  second  lower  molar  is  decidedly 
larger  than  the  first,  but  in  the  Mousterian  youth,  and  still  more  in 
modernized  human  dentitions,  the  second  lower  molar  decreases  in 
relative  size  as  shown  below: 

Anl.-pBst.  length  of  mi  -r  dillo  of  mi 

Dryopithecus  rhenanus  d" 1 .95 

Mousterian  youth  d" 1 .00 

Illinois  Indian  d" 0.90 

"Hindoo,"  So.  India  (^ 0.86 

Bedouin  9 0.99 

Dentition  of  ike  Krapina  sub-race 

The  dentition  of  the  Krapina  sub-race  of  Homo  neanderthalensis 
has  been  described  and  figured  by  Gorjanovic-Kramberger  (1906, 
pp.  181-207).  The  central  upper  incisors  are  of  great  interest  because 
they  afford  what  is  apparently  a  stage  in  the  evolution  of  the  shovel- 
shaped  or  mongoloid  condition,  the  cutting  edge  being  folded  around 
at  the  sides  and  being  confluent  with  prominent  rims  which  lead  up- 
ward to  the  large  basal  tubercle.  The  latter  is  subdi\ided  by  clefts 
into  two  ridges.  Both  in  the  central  and  lateral  incisors  the  cutting 
edge  of  certain  unworn  specimens  is  more  or  less  notched  near-  the 
middle;  and  from  this  fact,  as  well  as  from  the  division  of  the  basal 
tubercle  and  from  the  occasional  grooving  of  the  anterior  root,  Gor- 
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Janovic-Kramberger  infers  (p.  206)  that  each  human  incisor  has 
arisen  from  the  fusion  of  two  incisors.  Similar  considerations  lead 
him  (p.  207)  to  conceive  an  upper  premolar  as  arising  from  the  fusion 
of  two  canine-like  teeth,  while  the  molars  are  regarded  as  arising  from 
clusters  of  4}  or  more  cusps.  This  application  of  the  well-known 
"concrescence  theory"  will  be  considered  below.  Meanwhile  it  may- 
be noted  that  according  to  Gorjanovic-Kramberger's  view  the  remote 
ancestors  of  the  Krapina  race  must  have  had  not  less  than  155  teeth 
in  the  adult  dentition!  On  the  whole  the  dentition  of  the  Krapina 
subrace  agrees  in  essentials  with  that  of  the  Mousterian  youth,  except 
that  the  crowns  of  the  lower  molars  are  much  wrinkled  and  furrowed 
and  the  main  cusps  of  all  the  molars  are  lower  and  less  distinct.  The 
"fovea  anterior"  of  the  lower  molars  is  plainly  the  last  remnant  of 
the  trigonid  fossa  of  anthropoids. 

Conclusion  as  to  the  origin  and  relationships  of  the  Neanderthal  group 

To  sum  up  as  to  the  origin  and  relationships  of  the  Neanderthal 
group:  It  has  been  suggested  (Smith  Woodward,  1900)  that  even  the 
lowness  of  the  forehead  and  excessive  development  of  the  supra- 
orbital tori  of  the  neanderthaloids  may  be  a  secondary  gorilloid  sort  of 
specialization  along  with  the  taurodont  condition  of  the  molars;  and 
from  the  pal^ontological-archieologicai  evidence  it  has  indeed  been 
shown  that  the  Cro-Magnons  of  western  Europe,  which  were  of  Homo 
sapiens  type,  did  not  evolve  out  of  the  neanderthaloids  but  invaded 
their  territory  and  overwhelmed  and  partly  absorbed  them.  Never- 
theless I  think  there  is  still  something  to  be  said  in  favor  of  those 
(e.g.,  Hrdlifka)  who  regard  the  neanderthaloids,  or  some  of  them,  as 
structural  ancestors— primitive  or  perhaps  archaic  types  surviving 
into  a  later  epoch — of  the  higher  races.  For  even  the  extreme  con- 
dition of  taurodontism  is  found  in  company  with  a  large  series  of 
characters  which  most  authorities  would  regard  as  very  low  (e.g., 
small  development  of  the  front  part  of  the  brain,  slight  downward 
bending  of  the  prepituitary  plane,  enormous  size  and  width  of  the 
nose,  flat  articular  eminence,  gorilla-like  cervicals,  primitive  form  of 
astragalus,  etc.,  etc.). 

If  we  assume  that  high  foreheads,  small  jaws  rjid  other  "high" 
characters  are  really  primitive  for  the  Hominidx,  then  of  course  the 
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neanderthaloids  are  highly  specialized.  But  there  are  several  items 
of  evidence  to  which  perhaps  sufficient  importance  has  not  been 
attached.  First,  the  Heidelberg  jaw  is  admittedly  very  ancient  and 
nobody  has  yet  claimed  that  its  lack  of  a  chin  or  the  great  width  of 
its  ascending  ramus  are  specializations  that  rule  it  out  from  structural 
ancestry  to  the  higher  types.  And  yet  it  will  be  widely  admitted 
that  the  Heidelberg  skull  was  probably  of  a  pre-neanderthaloid  and 
more  Pithecanlkropus-Wke  type.  But  the  crown  patterns  of  the 
lower  molars  of  the  Heidelberg  jaw  are  also  generally  recognized  as  of 
primitive  human  type,  although  the  molars  were  also  at  least  sub- 
taurodont  in  the  depth  of  their  pulp  cavities  and  shortness  of  their 
roots.  Secondly,  the  dentition  of  the  "Mousterian  youth,"  as  shown 
above,  retained  a  number  of  extremely  primitive  or  simian  characters 
in  the  patterns  of  the  cheek  teeth.  Here  again  we  find  very  primitive 
features  in  the  crown  pattern  associated  with  al  least  a  moderate  degree  oj 
tauTodontism. 

If  the  Piltdown  lower  jaw  be  associated  with  the  skull,  as  main- 
tained by  many  authorities,  it  will  provide  another  example  of  the 
coexistence  of  primitive  features  in  the  jaw  and  dentition,  with  a 
deeper  pulp  cavity  than  is  common  among  recent  jaws.  In  a  jaw  of 
a  modem  European  figured  by  Adioff  (1910,  plate  2,  jaw  H)  the 
pulp  cavity  is  much  deeper  and  larger  than  in  ordinary  teeth.  From 
all  this  I  therefore  conclude  that  al  least  a  moderate  degree  of  tauro- 
donlism  may  be  a  primitive  character  for  the  Hominidm. 

Adioff  concludes  (1910,  p.  144)  that  the  newest  discoveries  of 
Palaeolithic  races  have  brought  no  conclusions  which  could  be  of 
significance  for  our  knowledge  of  the  development  (evolution)  of  the 
human  dentition  and  that  they  only  furnish  proof  that  the  human 
dentition  has  undergone  no  significant  change  during  the  time  in 
which  the  jaw  itself  has  passed  through  important  modifications. 
In  view  of  the  facts  set  forth  here,  I,  on  the  contrary,  conclude  that 
the  dentition  of  the  "Mousterian  youth"  and  of  t/te  Krapina  people 
a^ord  important  additional  evidence  for  the  conclusion  that  the  human 
dentition  has  been  evolved  from  a  primitive  anthropoid  type  and  has 
undergone  highly  significant  changes  (especially  in  the  crown  patterns 
of  the  premolars  and  molars)  during  the  lime  in  which  the  jaw  itself  Itas 
been  evolving  toward  the  "modem"  or  high  type. 
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Neither  the  writer's  knowledge  nor  the  available  space  are  suffi- 
cient for  an  adequate  treatment  of  the  morphology  of  human  jaws 
and  teeth,  or  for  a  detailed  account  of  racial  characters  of  the  denti- 
tion. Nevertheless  a  few  notes  on  these  subjects  may  now  be  sub- 
mitted, together  with  a  conspectus  of  the  species,  races  and  subraces 
of  the  HominidEe,  for  the  purpose  of  completing  the  main  outlines  of 
this  review  of  the  evolution  of  the  human  dentition. 

Fusion  of  premaxilla  and  maxilla 

With  regard  to  the  premaxillary  bone,  Wood  Jones  (1918,  p.  36) 
has  emphasized  its  very  early  fusion  with  the  maxilla  in  man  and 
states  that:  "In  all  the  monkeys  and  apes,  as  in  all  other  mammals, 
this  premaxillary  element  is  mapped  out  on  the  face  by  suture  lines 
marking  its  junction  with  the  maxillary  bones.  In  man  alone  has  an 
alteration  of  the  method  of  growth  of  this  region  led  to  a  loss  of  the 
individuality  of  the  premaxillary  element.  This  is  a  human  specific 
character.  From  all  orthodox  teaching  we  should  therefore  e:q>ect 
it  to  be  very  late  in  its  appearance  in  the  human  embryo;  we  should 
hardly  look  for  it  earlier  than  the  fifth  month.  As  a  matter  of  fact 
this  character  is  established  as  soon  as  ever  the  future  bones  of  the 
human  face  are  first  represented  as  cartilaginous  nuclei. 

"It  has  become  a  character  of  the  human  embryo  at  a  stage  when 
the  development  has  proceeded  so  little  way  that  the  future  being 
is  no  longer  than  ten  times  the  diameter  of  an  ordinary  pin's  head. 
Such  a  finding,  in  the  development  of  any  animal,  forces  the  conclu- 
sion that  a  distinctive  feature,  so  early  acquired  in  embryology,  was 
early  acquired  in  history,  and  that  the  species  must  be  very  old 
indeed.  It  therefore  seems  possible  that  not  only  is  man  an  exces- 
sively primitive  animal,  which  originated  right  at  the  base  of  the 
Primate  stem,  but  he  probably  also  acquired  his  specific  characters 
in  an  extremely  remote  past." 

When  writing  that  "in  all  the  monkeys  and  apes,  as  in  ail  other 
mammals,  this  premaxillary  element  is  mapped  out  on  the  face  by 
suture  lines  marking  its  Junction  with  the  maxillary  bones,"  Wood 
Jones  could  hardly  have  had  before  him  many  specimens  of  anthro- 
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poid  skulls.  In  a  young  female  chimpanzee  skull  (Amer.  Mus.,  no. 
51,211),  a  wild  specimen  with  the  deciduous  canines  and  molars 
in  place,  I  find  only  the  faintest  indication  of  the  premaxillary- 
majdllary  suture  on  the  face,  although  remnants  of  the  suture  are 
visible  on  the  palate;  and  in  various  adult  anthropoids  of  all  genera 
the  fusion  of  the  premaxilla  with  the  mantilla  seems  complete,  so  that 
the  anthropoids  have  attained  in  this  character  a  condition  that  in 
the  light  of  other  evidence  may  reasonably  be  regarded  as  prehuman. 
Although  the  premajtilla  of  man  does  begin  to  fuse  with  the  maxilla 
as  early  as  the  seventh  week  (Ferber,  1919),  this  is  only  in  keeping 
with  great  acceleration  of  other  characters  (e.g.,  of  the  foot)  in  human 
development. 

The  concept  of  the  biogenetic  law  invoked  by  Wood  Jones  to  dis- 
prove the  relationship  of  man  with  the  anthropoids  happily  belongs 
to  a  past  century.  //  is  nowadays  realized  by  many  embryologists 
that  at  least  in  many  cases  the  order  of  appearance  of  structures  in 
ontogeny  by  no  means  corresponds  to  their  order  of  evolution.  It  would 
be  interesting  to  know  whether  the  fusion  of  the  premaxilla  with  the 
maxilla  is  as  early  in  individuals  with  large  prognathous  incisors  as 
it  is  in  those  with  small  incisors  and  orthognathous  face. 

The  concrescence  theory  and  the  origin  of  human  incisors 

The  ontogeny  of  the  teeth  has  afTorded  innumerable  pitfalls  for 
those  who  have  not  realized  that  in  modern  mammals  developmental 
processes  are  adjusted  primarily  to  relatively  modern  requirements  and 
conditions.  Various  parts  of  the  teeth,  such  as  cusps,  cingula,  etc., 
appear  as  more  or  less  separate  elements  and  afterward  fuse  into  an 
undivided  whole.  But  as  the  presence  of  many  ossific  centers  in  the 
developing  humerus  by  no  means  indicates  that  phylogenetically  the 
humerus  is  a  composite  of  as  many  separate  bones,  so  also  a  similar 
reasoning  applies  to  the  teeth;  because  the  palaiontological,  compara- 
tive and  taxonomic  evidence  is  cumulative  that  the  normal  crowns 
of  mammalian  teeth  have  evolved  by  differentiation,  not  by  con- 
crescence. 

By  this  time  the  theory  of  concrescence  in  all  its  varied  forms 
should  be  as  dead  as  the  Copemican  theory,  but,  strange  to  say,  it  is 
still  cherished  by  many  European  writers.  A  few  of  the  many 
fundamental  objections  to  the  theory  are  as  follows: 
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(!)  It  neglects  the  well  established  principle  cited  above,  namely 
that  dental  development  in  modem  mammals  is  largely  directed 
toward  the  production  of  highly  specialized  dental  forms  with  but 
little  "recapitulation"  of  remote  ancestral  history.  For  example, 
the  lamina;  of  elephant  molars  appear  to  form  separately  and  later 
to  coa  esce,  but  the  paleeon  to  logical  evidence  shows  clearly  that  these 
many-plated  molars  have  arisen  phylogenetically,  not  through  con- 
crescence but  by  differentiation  of  less  complex  molars. 

(2)  The  theory  makes  the  wholly  unwarranted  assumption  that 
because  individual  teeth  often  become  wholly  or  in  part  divided, 
therefore  the  divided  parts  represent  the  original  components  of  an 
ancient  concrescence.  This  assumption  is  often  contrary  to  evidence. 
For  example,  in  the  special  case  of  the  Krapina  teeth  cited  above,  the 
grooving  of  one  of  the  roots,  the  notching  of  the  crown  of  the  incisor, 
etc.,  are  supposed  by  Gorjanovic-Kramberger  to  indicate  that  these 
teeth  have  arisen  from  the  fusion  of  originally  separate  elements. 
From  what  he  assumes  as  to  the  number  of  originally  separate  teeth 
entering  into  the  composition  of  the  incisors,  canines,  premolars  and 
molars,  it  follows  directly  that  the  dental  formula  of  the  remote 
ancestors  of  the  Krapina  race  must  have  been  as  follows: 

Ij'xi")  ^iixM  P2(><!X2)  ^Ijjxl's+i'  or  a  minimum  number  of  155  teeth 
in  all !  But  the  palxontological,  taxonomic  and  morphological 
evidence  is  cumulative  that  the  Krapina  race  belongs  to  an  order  of 
mammals  which,  from  a  very  remote  antiquity  (Lower  Eocene),  had 
a  dental  formula  never  exceeding  ij  C|  P\  Ml,  or  40  teeth  in  all. 
The  Old  World  or  catarrhine  division,  to  which  the  Hominidie  belong, 
by  the  elimination  of  the  first  two  premolars  in  both  jaws,  early 
reduced  the  formula  to  l]  C\  P]  M|,  or  32  teeth  in  all,  the  reduc- 
tion occurring  not  by  concrescence  but  by  reduction  and  final  elimina- 
tion of  the  first  and  second  premolars. 

(3)  The  concrescence  theory  assumes,  as  atavistic,  variations 
which  are  often  plainly  teratological.  For  example,  a  recent  author 
(Pohle,  1900)  records  an  actual  case  of  concrescence  of  adjacent 
teeth  in  two  modem  musteline  carnivores  as  evidence  for  the  origin 
of  teeth  by  concrescence.  But  from  palseontological,  taxonomic  and 
comparative  evidence  it  is  highly  probable  that  the  variation  above 
described  is  teratological,  not  atavistic. 
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The  special  form  of  the  concrescence  theory  advocated  by  Bolk 
(1913,  1914)  is  based,  like  other  forms  of  the  theory,  chiefly  upon  an 
erroneous  phylogenetic  interpretation  of  certain  ontogenetic  facts. 
Bolk's  excellent  contributions  to  our  knowledge  of  the  facts  of  devel- 
opment are  overlaid  by  his  peculiar  hypothesis  that  every  tooth, 
from  the  incisors  to  the  last  molars,  represents  a  "dental  family"  of 
two  (or  more?)  successional  tooth  germs,  and  consists  of  two  parts: 
an  outer,  labial  or  buccal  part,  called  the  protomere;  and  an  inner  or 
lingual  part,  the  deutomere.  From  various  indications  among  mod- 
em mammalian  teeth,  proto-  and  deutomere  are  each  inferred  to  be 
potentially  equivalent  to  a  triconodont  crown,  so  that  every  tooth 
potentially  or  actually  carries  six  primary  cusps! 

But  it  has  already  been  shown  in  previous  parts  of  this  work  that, 
in  the  long  series  of  forms  that  stand  in  or  near  Ike  line  of  human  ascent, 
from  the  rhipidistian  fishes  up  through  the  primitive  amphibians  and 
reptiles  to  the  mammal-like  reptiles,  thence  through  the  Mesozoic  tri- 
tuberculates  to  the  Eocene  primates  there  is  not  one  whose  incisor, 
or  any  other  teeth,  conform  to  Bolk's  ideal  pattern. 

More  in  detail,  not  one  of  the  incisors  or  canines  of  these  Lower 
Eocene  lemuroids,  or  of  any  other  Paleocene  or  Eocene  placental 
mammals  of  any  order,  approach  even  remotely  the  six-cusped  stage 
which  Bolk  assumes  as  the  starting-point  for  all  the  teeth  of  primi- 
tive mammals.  This  six-cusped  stage  is  a  pure  inference  from  his 
primary  assumption  that  every  placental  mammalian  tooth  consists 
at  least  of  two  parts,  a  protomere  and  a  deutomere,  each  equivalent 
to  a  triconodont  tooth.  The  evidence  in  the  first  place  is  against  the 
derivation  of  tritubercular  teeth  from  a  triconodont  type;  secondly, 
the  double  or  even  single  triconodont  form  is  never  apparent  in  the 
incisor  and  canine  teeth  of  any  of  the  mammal-like  reptiles,  the  pro- 
todonts  or  the  triconodonts  themselves. 

The  more  or  less  tricuspidate,  cingulate  incisor  and  premolar 
crowns  of  the  galagos,  Hapalidfe  and  Cebidae,  which  Bolk  refers  to, 
aSord  no  real  support  to  his  view.  The  incisor  teeth  in  most  families 
of  mammals  are  highly  adaptive  organs,  which  assume  such  useful 
forms  and  functions  as  their  positions,  with  reference  to  the  food, 
to  the  jaw  muscles  and  to  adjacent  and  opposing  teeth,  will  permit. 
It  is  proven  from  much  paljeontological  and  comparative  evidence 
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that  in  primitive  primates  the  incisors,  like  those  of  other  mamtnals, 
were  provided  with  a  cingulum  on  the  lingual  side,  which  was  possibly 
associated  vith  the  alveolar  borders  of  the  crown  and  with  the  zone 
of  fusion  of  the  crown  with  the  root.  The  basal  cingulum  often  or 
usually  thickened  into  a  more  or  less  well-marked  swelling  or  tuber- 
culum  dentale,  and  on  the  sides  of  the  tooth  it  was  continued  upward 
into  the  cutting  edges  of  the  crown.  The  lingual  side  of  the  tooth 
was  often  buttressed  by  a  more  or  less  well-defined  vertical  ridge 
running  up  to  the  tip  of  the  crown.  In  the  very  primitive  Eocene 
lemuroids  of  the  family  Xotharctidie,  the  above  described  condition 
may  be  observed  not  only  in  all  the  incisors  but  also  in  the  canines 
and  anterior  premolars;  and  as  we  pass  backward  the  premolars 
become  more  complex,  through  the  growth  of  the  tuberculum  den- 
tale, inward  in  the  upper,  backward  in  the  lower  jaw,  and  through 
the  modelling  of  the  median  ridge,  development  of  accessory  cusps, 
etc.  But  in  this  connection  it  is  important  to  remember  that  Ike  four 
classes  of  teeth,  incisors,  canines,  premolars  and  molars,  were  more  or 
less  differentiated  from  each  other,  not  only  in  the  earliest  Lower  Eocene 
primates  but  in  the  vastly  older  Mesozoic  triiubercidates  and  even  in  the 
higher  mammal-like  reptiles. 

From  the  primitive  conditions  of  the  incisors  in  the  Notharctidie 
we  may  securely  trace  their  progressive  evolution,  starting  with 
Parapithecus,  the  most  primitive  known  member  of  the  Old  World 
series  and,  passing  upward  through  the  conditions  preserved  in  the 
existing  gibbons,  to  the  relatively  long-crowned  incisors  of  all  the 
giant  anthropoids  and  of  man.  In  the  anthropoids  the  crowns, 
especially  of  the  central  incisors,  often  become  excessively  long, 
perhaps  in  correlation  with  frugivorous-omnivorous  habits,  and  the 
wearing  edges  of  the  centrals  become  excessively  wide.  Correlated 
with  the  width  of  the  cutting  edge  and  with  the  development  of  the 
strengthening  median  and  accessory  ridges,  the  edges  of  the  central 
incisors  become  either  denticulate  or  trifid.  In  the  latter  case  the 
middle  cusplet  is  continuous  with  the  median  ridge.  But  this  den- 
ticulate or  cuspidate  condition  of  the  edge  of  the  incisors  of  the 
chimpanzee  has  nothing  whatever  to  do  with  the  primitive  form  of 
the  incisor  crown  of  pre-Tertiary  mammals,  except  in  so  far  as  it 
represents  an  end  stage  of  specialization.    In  man  the  trifid  or  trident- 
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like  condition  of  tke  incisors,  both  in  the  deciduous  and  permanent  den- 
tures, is  clearly  related  to  tke  conditions  observed  in  tke  anthropoids 
and  has  just  as  little  to  do  ivitk  tke  original  ground-plan  of  the  mam- 
malian teeth. 

Now  it  is  a  peculiarity  of  ridges,  separate  cusps,  etc.,  that  as  soon 
as  they  have  established  themselves  their  development  tends  to  be 
accelerated;  and  in  the  case  of  the  notches  and  cuspules  on  the  surface 
of  the  incisor  crown,  it  sometimes  happens  that  one  of  the  clefts  becomes 
rapidly  enlarged  in  ontogeny,  extending  downward  to  the  base  of  the 
crown  and  giving  a  twinned  or  double  appearance  to  the  tooth.  As 
we  have  seen  above,  such  a  notch  in  the  wearing  edge  of  one  of  the 
Krapina  incisors  was  cited  by  Gorjanovic-Kramberger  as  evidence  of 
the  origin  of  the  teeth  by  concresence. 

A  further  development  of  the  cingulum  and  tuberculum  dentale, 
together  with  a  folding  around  of  the  wearing  edges  of  the  incisor 
crown,  leads  to  the  shovel-shaped  or  " rim-and-fossa"  condition 
which  has  been  so  thoroughly  investigated  by  Hrdlifka  (1921)  and 
which  is  prevalent  in  many  primitive  races  of  Hominid*  from  the 
Pleistocene  Krapina  race  onwards. 

Origin  of  human  canine  teeth 

Both  the  direct  palsontological  evidence  afforded  by  the  Heidel- 
berg and  Neanderthal  dentitions  and  the  comparative  evidenceof 
the  dentures  of  existing  races  indicate  that,  if  the  tips  either  of  the 
upper  or  of  the  lower  canines  ever  projected  beyond  the  level  of  the 
cheek  teeth,  the  reduction  in  size  took  place  at  some  time  anterior  to 
the  Middle  Pleistocene.  The  Piltdown  race  forms  a  possible  excep- 
tion to  this  statement;  but  as  the  association  of  the  ape-like  canine 
and  jaw  with  the  man-like  skull  still  seems  doubtful,  this  evidence 
may  be  set  aside  for  the  present.  Very  rarely,  in  low  human  races 
{e.g-,fig-  ^^)  the  tip  of  the  lower  canine  projects  above  the  level  ol 
the  premolars,  but  these  cases  are  so  rare,  and  there  is  always  such 
danger  of  confusing  abnormal  neomorphs  with  reversions,  that  they 
too  may  be  left  out  of  consideration.  Add  to  this  the  fact  that  the 
oldest  known  members  of  the  Old  World  series,  Propltopithecus  and 
Parapilhecus,  both  had  low-crowned  lower  canines,  and  the  case  for 
the  human  races  ever  having  had  enlarged  canines  may  seem  pretty 
weak. 
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Xeveitheless  there  is  considerable  indirect  eWden^-e  (ui  this  %iew. 
In  certain  mammals  (e.g..  Homalodoth^ium)  the  loss  of  diastonata 
and  the  closure  of  the  tooth-row  has  gone  hand  in  hand  with  the 
reduction  of  the  canines  to  the  level  of  the  other  teeth.  There  is 
little  doubt  that  in  the  primitive  man-anthropoid  stock  the  lower 
incisors  were  slightly  procumbent  and  that  the  vertical  or  recur\-ed 
incisors  of  man  are  specialized-  The  increased  verticalit}-  of  the 
incisors,  perhaps  correlated  in  part  with  a  change  from  fnigivorous 
to  omnivorous  diet  and  the  rotary  action  of  the  mandible,  are  per- 
haps unfavorable  to  the  retention  of  large  caniniform  canines.  The 
anatomical  e\idence  for  a  relatively  near  relationship  of  man  with 
the  gorilla  is  so  overwhelming  that  it  is  difficult  to  conceive  the  com- 
mon stem-form  as  having  a  man-like  lower  dentition,  especially  in 
view  of  the  fact  that  in  the  patterns  of  the  premolars  and  molars  the 
gorilla  is  plainly  more  primitive.  Again  the  form  of  the  lower  dental 
arch  in  man  appears  to  be  derived  from  the  more  primitive  conditions 
in  DryopitkecHS,  which  had  pointed  lower  canines  of  primiti\'e 
anthropoid  type  {fig.  312).  We  have  seen  that  in  the  case  of  a  certain 
species  of  monkey  {fig.  218)  a  convergent  or  closed  incisor  arch  and 
pronounced  diastemata  are  associated  with  the  small  canines  of  the 
female,  while  a  wide  incisor  arch  and  pronounced  diastemata  are  asso-  - 
ciated  with  the  large  canines  of  the  male,  and  that  in  female  orangs 
with  small  canines  the  upper  dental  arch  makes  some  approach  to 
the  human  form.  The  anomalous  position  of  the  lower  canine 
in  higher  races,  with  its  tip  lying  on  the  lingual  side  and  overhung  by 
the  upper  lateral  incisor  and  upper  canine,  is  largely  due  to  the  loss 
of  the  diastema  and  probably  also  to  the  erect  position  and  reduction 
of  the  canines.  In  brief,  the  larger  canines  of  Dryopithecus  and 
female  anthropoids  are  associated  with  a  more  primitive  form  and 
arrangement  of  the  incisors,  of  the  symphyseal  region,  of  the  dental 
arches  and  of  the  muscles  of  the  lips.  Conversely,  small  canines  of 
human  form  are  associated  with  a  complex  of  conditions  which  few 
(except  Wood  Jones),  could  regard  as  primitive.  Hence  it  seetns 
probable,  though  not  demonstrated,  that  the  small  canines  of  man 
are  no  more  primitive  than  his  other  distinctive  characters  of  the 
dentition. 
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Supernumerary  denial  elemenls  and  the  confusion  of  neomorpks  with 
reversions 

A  prolific  source  of  confusion  in  odontology  is  the  occurrence  of 
supernumerary  teeth  in  man  and  other  mammals,  which,  being 
mistaken  for  reversional  phenomena,  lead  to  erroneous  inferences 
regarding  the  dental  formula  of  the  human  precursors.  The  most 
notable  case  is  the  occasional  occurrence  in  man  and  anthropoids  of  a 
fourth  molar.  But  it  has  already  been  shown  in  Part  III  (p.  233) 
that  the  fourth,  and  even  the  fifth  molar  when  present,  are  in  all 
probability  neomorphs  both  in  man  and  in  anthropoids,  and  that 
the  various  phyla  of  the  man-anthropoid  group  are  independently 
acquiring  a  new  growth-power  at  the  posterior  end  of  the  dental 
lamina,  as  has  happened  in  other  groups  of  mammals  (e.g.,  Myrme- 
cobius  among  mc^supials,  sirenians,  toothed  whales,  armadillos, 
Otocyon,  etc.,  among  placental  mammals). 

Adloff  (1908)  infers  that  in  the  precursors  of  man  the  dental  for- 
mula was  \\  C\  p2  Mj,  and  that  the  dental  formula  of  ij  C\ 
Pj  M|  has  been  acquired  by  man  and  by  anthropoids  in  different 
ways  and  by  convergence.  But  this  assumption,  which  is  supported 
by  very  little  evidence,  is  contradicted  by  the  enormous  number  of 
characters  which  prove  that  man  and  the  existing  anthropoids  are 
divergent  descendants  of  a  common  stock  having  the  dental  formula 
of  the  whole  Old  World  series. 

One  line  of  evidence  upon  which  Bolk  relies  for  the  support  of  his 
theory  is  the  occasional  occurrence  in  man  of  "paramolars,"  or  small 
teeth  on  the  buccal  side  of  the  upper  molars  which  are  sometimes 
fused  with  them.  The  occurrence  of  these  elements  is  interpreted 
as  a  "reversion."  But  by  what  right  have  such  variations  to  be 
regarded  as  reversional  in  spite  of  thecumulative  palaeontological, com- 
parative and  taxoBomic  evidence  that  no  such  assumed  stage  ever 
stood  in  the  line  of  human  ascent?  In  order  to  account  for  the  sup- 
posed homologies  of  the  "paramolars"  and  true  molars,  Bolk  assumes 
that  the  conditions  in  the  marmosets  (which  have  already  lost  the 
third  molars)  have  given  rise  to  the  conditions  observed  in  man. 
But,  as  already  shown  in  Part  III  of  this  work,  this  assumption  is 
contradicted  by  weighty  taxonomic  considerations,  since  the  Hapalid^e 
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are  highly  specialized  members  of  the  Xew  World  series  and  ha^-e 
only  the  most  distant  indirect  relationship  with  the  Hominidc. 
The  latter,  as  we  have  seen,  are  highly  specialized  members  of  the 
Old  World  series,  and  there  is  no  substantial  eWdence  that  the  dental 
formula  of  this  group  since  its  first  differentiation,  from  some  super- 
tarsioids  allied  to  Para/nlhecus,  has  ever  been  different  from  l'  C\ 

The  constant  mistaking  of  abnormal  or  new  variations  for  ata\-isttc 
reversions,  together  with  a  total  disregard  of  taxonomic  and  pabeon- 
tological  e\idence.  has  been  one  of  the  worst  sources  of  erroneous 
conclusions  in  comparative  anatomy,  including  DdontoIog>'.  and  has 
contributed  greatly  to  the  present  confusion  in  opinion  as  to  the 
evolution  of  the  human  dentition  and  to  the  low  regard  in  which 
morphology  is  held  by  many  modem  biologists.  This  unfortunate 
mistake  has  been  well  exposed  by  Rajinond  C.  Osbum  (1912)  in  a 
paper  which  seems  to  have  been  overlooked  or  little  appreciated  by 
many  odontologists.  In  this  paper  Osbum  re\-iews  the  e\"idence 
showing  that  many  dental  variations  cannot  possibly  be  considered 
as  ata\'istic,  because  the  known  earlier  stages  of  dental  evolution  are 
wholly  unlike  the  assumed  stages. 

Those  who  mistake  cccnogenetic  de\'elopmental  conditions,  sec- 
ondary simplifications,  and  abnormal  variations  for  ataWstic  rever- 
sions seldom  hesitate  to  assume  the  existence  of  wholly  unknown 
orders  and  families  (ha\-ing  the  peculiar  characters  required  by  their 
hypotheses)  rather  than  adjust  their  hypotheses  to  the  known  facts 
ofpaljcontologic  history.  For  example:  Chiavaro  (1920),  after  noting 
certain  cases  in  which  the  tuberculum  dentale  of  human  incisors  was 
exceptionally  developed,  and  after  comparing  this  with  the  dupli- 
cidentate  arrangement  of  the  upper  indsors  of  the  rabbit,  reaches 
the  startling  conclusion  that  it  would  not  be  surprising  if  in  an  earlier 
stage  of  his  evolution  man  might  have  once  been  a  "  Duplictdentatus ;" 
while  Sera  (1920),  in  order  to  accommodate  his  theory  that  all  the 
teeth  have  been  derived  from  molariform,  many-cusped  teeth,  ignores 
the  cynodont  reptiles,  which  actually  stand  in  or  near  the  line  of 
human  evolution,  and  invents  a  queer  hypothetical  animal  with  a 
skull  like  Oudenodon  but  with  a  row  of  multicuspid  molariform  teeth 
all  around  the  margin  of  the  upper  jaw!    Small  wonder  it  is  that  the 
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veteran  anthropologist  Sergi,  perhaps  disgusted  with  the  multitude  of 
mutually  contradictory  and  &ctitious  human  ancestors,  and  evidently 
misreading  the  facts  of  mammalian  evolution,  throws  over  (in  his  work 
"L'Origine  e  I'Evoluzione  della  Vita")  the  whole  idea;  and  in  a  letter 
to  the  writer  claims  "that  there  is  not  a  transformation  in  evolution,  as 
now  is  the  general  theory,  but  that  the  types  of  animals  and  plants 
have  independent  origin  and  there  are  no  progenitors  whatever." 

Parallel,  convergent  and  divergent  evoluiion  of  the  deciduous  and  per- 
manent dentures;  interaction  of  the  two  sets 

It  is  becoming  increasingly  obvious  that  many  characters  of  form 
and  of  position  in  both  sets  of  teeth  are  predetermined  by  the  topo- 
graphic relations,  relative  size,  degree  of  crowding,  etc.,  of  the  germs 
of  the  teeth  during  development  and  replacement,  as  when  the  lateral 
upper  incisor  is  overlapped  by  the  central,  or  when  one  of  the  lower 
incisors  is  crowded  out  of  the  incisor  arch.  Such  relations  of  the 
incisors  to  developmental  conditions  are  now  being  investigated  by 
Dr.  Milo  Hellman  with  illuminating  results  which  will  be  reported 
elsewhere. 

The  growth  energy  available  for  the  jaws  and  teeth,  especially  in 
the  higher  races  of  man,  has  been  restricted  more  or  less  as  the  rela- 
tive size  and  dominance  of  the  brain  has  increased.  Not  only  have 
the  dental  germs  decreased  in  size,  but  the  two  sets  are  so  crowded 
together  that  some  of  the  permanent  teeth,  notably  the  third  molars, 
are  greatly  delayed  in  their  eruption. 

At  least  after  the  period  of  infancy  and  lactation  the  digestive 
tracts  and  foods  of  most  young  placental  mammals  are  very  similar 
to  those  of  the  adult.  Hence,  perhaps  through  natural  selection,  the 
deciduous  teeth  often  resemble  the  adult  teeth  of  the  same  animal  in 
many  important  characters. 

It  is  often  assumed,  through  an  unwarranted  application  of  the 
"biogenetic  law,"  that  the  deciduous  are  more  primitive  than  the 
adult  teeth.  Sometimes  it  does  happen  that  the  deciduous  teeth 
have  not  evolved  as  fast  as  have  the  corresponding  teeth  in  the  adult 
sets,  perhaps  because  the  deciduous  set  are  relatively  shortlived  and 
do  not  have  to  provide  for  so  long  a  period  of  attrition  as  do  the 
permanent  teeth.    Moreover  the  young  animal  being  small  and  its 
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strength  less,  the  deciduous  teeth  will  in  general  receive  less  severe 
impacts  and  stresses.  On  the  other  hand,  the  available  space  for  the 
deciduous  teeth  being  less,  while  the  food  is  often  just  as  resistant  as 
in  the  adult,  some  of  the  deciduous  teeth,  especially  the  deciduous 
molars,  must  be  of  relatively  large  size  and  have  a  highly  efficient 
crown  pattern.  Hence  it  happens  that  the  crown  pattern  of  the 
last  deciduous  molars  often  converges  in  its  evolution  toward  tliat  of  ilie 
last  permanent  molars.  Here  we  can  see  clearly  that  we  are  dealing 
with  a  convergence  between  differently  numbered  representatives  of 
the  two  sets;  and  in  many  groups,  including  the  whole  catarrhine 
series,  the  posterior  deciduous  molars  are  fully  molariform  and  very 
unlike  the  posterior  true  premolars  which  replace  them.  But  an 
uncritical  application  of  the  biogenetic  law  would  lead  to  the  erro- 
neous inference  that  the  posterior  premolars  had  been  derived  by 
degeneration  from  earlier  adult  teeth  which  resembled  the  posterior 
deciduous  molars. 

While  the  two  sets  of  teeth  parallel  or  converge  toward  each  other 
in  many  respects,  there  are  also  many  conditions  that  tend  to  bring 
about  the  characteristic  differences  between  them,  especially  the 
following  well-known  factors: 

(1)  The  development  of  the  first  set  must  be  started  in  the  intra- 
uterine period,  when  available  space  is  at  a  high  premium.  Hence 
the  first  ones  to  erupt  must  be  as  small  as  practicable. 

(2)  The  deciduous  teetli  must  draw  their  own  nourishment  in  the 
jaws  of  the  animal,  which  at  first  is  of  small  size,  requiring  less  food, 
but  increases  rapidly  in  bulk  and  in  food  requirements  according  to  a 
variously  accelerated  rate.  The  developing  teeth,  in  other  words, 
must  conform  as  far  as  possible  to  conditions  arising  from  the  exces- 
sive growth  of  the  brain  and  from  the  ripening  of  the  various  endo- 
crine or  hormone-producing  glands  at  different  periods. 

(3)  Before  eruption  the  tooth  germs  are  drawing  upon  borrowed 
capital,  but  when  they  come  into  use  each  one  is  expected,  so  to 
speak  to  contribute  more  or  less  to  the  income  by  its  service  in  cutting 
off  and  subdividing  the  food. 

(4)  But  as  the  extent  of  their  services  at  any  given  moment  is 
limited  by  their  cutting  area,  whi!e  the  requirements  are  constantly 
increasing  in  some  relation  to  the  cube  of  the  animal's  height,  there 
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would  come  a  time  when  the  deciduous  set  as  a  whole  would  not  be 
large  enough  for  the  needs  of  the  animal, 

(5)  It  is  not  practicable  to  replace  them  all  at  once,  hence  the 
process  is  distributed  over  a  long  period. 

(6)  The  process  of  replacement  must  not  interfere  with,  but  must 
even  assist  in  maintaining,  effective  occlusal  relations  at  all  periods, 

(7)  Owing  to  the  relatively  small  size  and  strength  of  the  very 
young  and  to  the  undeveloped  condition  of  the  sex  glands,  the  pug- 
nacity of  very  young  animals  is  notably  less  than  that  of  adults  and 
where  the  young  are  shielded  from  harm,  as  in  man,  there  is  less  need 
for  tusk-like  canines. 

(8)  On  the  other  hand,  the  food  of  the  young  being  often  as  tough 
and  resistant  as  that  of  the  adult,  it  has  proved  advantageous  in  man 
to  have  the  first  permanent  incisors  and  first  molars  come  into  use  at 
an  early  period. 

Although  the  interaction  of  these  and  of  many  similar  factors 
(which  will  occur  to  every  observer)  is  too  complex  to  be  considered 
here  at  any  length,  it  is  obvious  that  these  factors  and  their  inter- 
action are  responsible  for  many  of  the  following  classes  of  facts: 

(1)  Differences  between  the  deciduous  teeth  and  the  teeth  that 
replace  them  (e.g.,  divergence  of  roots  of  deciduous  teeth  to  accom- 
modate replacing  teeth,  resorption  of  roots  of  deciduous  teeth  as  the 
period  of  replacement  approaches). 

(2)  Elaborately  adjusted  relations  of  size  and  of  time  of  replace- 
ment between  deciduous  teeth  and  their  successors  and  neighbors; 
resulting  malocclusions  when  such  normal  size  and  time  relations  are 
disturbed. 

(3)  Delayed  eruption  (as  compared  with  prehuman  stages)  of 
permanent  canines,  anterior  premolars  and  third  molars. 

(4)  Ontogenetic  changes  in  form  of  the  palatal  arch  as  a  whole  and 
in  its  several  parts,  resulting  from  successive  replacement  of  decidu- 
ous teeth. 

(5)  Ontogenetic  changes  in  the  chin,  made  possible  by  the  replace- 
ment of  the  deciduous  incisors  and  canines  and  by  the  moving  up  of 
the  permanent  incisors  out  of  their  place  of  origin  immediately  behind 
the  chin. 
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The  superior  and  inferior  dental  arches 

Osbom  (1902)  showed  that  in  many  phyla  of  manunab  there  is  a 
relatively  high  degree  of  correlation  between  the  breadth  of  the 
braincase  and  that  of  the  palatal  arch,  and  Angje  (1905)  and  R.  C. 
Osbum  (1910;  have  shown  that,  at  least  in  many  cases,  a  wide,  short 
skull  will  bear  a  wide  palatal  arch  and  vice  versa.  But  Sulli\-an  (1918) 
showed  that  "the  principle  of  dolichocephaly  and  biachycephaly, 
in  itself,  is  not  sufficient  to  explain  the  form  of  the  alveolar  ardi;" 
and  that  in  many  human  races  and  indiWduals,  and  in  \'aiious 
species  of  other  primates,  there  are  striking  exceptions  in  which  a 
wide  palate  is  associated  with  a  narrow  braincase  and  vice  versa. 
Thus  in  man  the  Eskimo  have  a  very  wide  palate  and  a  very  loDg 
braincase,  while  among  other  primates  "Hapaie  shows  the  longest 
braincase  and  the  shortest  alveolar  arch  ....  Macacus, 
Gorilla  and  Orang  show  a  relatively  short,  wide  braincase  and  a  very 
elongated  palate." 

These  and  similar  exceptions  to  the  "principle  of  dolichocephaly 
and  brachycephaly"  are  obviously  due  to  the  fact  that  the  palate  and 
the  braincase  are  subject  to  a  complex  of  similar  and  different  forces 
both  in  ontogeny  and  in  phytogeny. 

Chief  among  the  conditions  that  tend  toward  the  association  of 
width  of  palate  with  width  of  braincase  is  this:  That  an  increase  in 
width  in  the  lower  part  of  the  brain  will  often  tend  to  cause  an  increase 
in  width  of  the  intercondylar  diameter  of  the  skull,  since  the  temporal 
bones  and  the  glenoid  will  be  displaced  laterally.  This  will  tend  to 
widen  the  distance  between  the  condyles  of  the  mandible.  This  in 
turn  will  leave  room  for  a  transverse  expansion  of  the  tongue.  It  is 
indeed  probable  that  in  man  both  the  palatal  arch  and  the  lower 
jaw  are,  so  to  speak,  moulded  around  the  greatly  enlarged  tongue 
which  appears  very  early  in  development  as  the  "  tuberculum  impar;" 
and  it  is  evident  that  the  tongue  of  man  as  compared  with  that  of 
anthropoids,  tends  to  be  short,  thick  and  wide.  Again  a  reduction  in 
size  of  the  incisors,  canines  and  premolars  will  tend  to  shorten  the 
palate  at  the  front  end,  while  the  reverse  will  lengthen  it.  Increasing 
verticality  of  the  incisors  will  again  tend  to  shorten  it.  These  con- 
trasts are  well  brought  out  in  comparing  prognathous,  maaodont  and 
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dolichocephalic  skulls  with  orthognathous,  microdont,  brachycephalic 
types. 

On  the  other  hapd,  a  wide  palate  may  become  associated  with  a 
narrow  cranium  in  opposite  ways,  as  follows; 

(1)  By  a  secondary  narrowing  of  the  braincase,  as  probably  in  the 
Eskimo,  which  may  have  been  derived  from  mongoloids  with  a  wide 
palate  and  short  skull. 

(2)  By  a  direct  shortening  of  the  palate,  due  to  the  loss  of  one  or 
more  molars,  as  in  Hapale.  Here  the  extreme  antero-posterior  diam- 
eter of  the  braincase  has  little  if  any  relation  to  the  form  of  the  palate. 

Conversely  a  long  palate  may  be  found  with  a  short,  wide  cranium 
in  the  following  ways: 

(1)  Through  a  marked  increase  in  antero-posterior  diameter  of  the 
molars,  as  in  the  gorilla. 

(2)  Through  marked  increase  in  length  of  the  whole  muzzle,  as  in 
baboons. 

(3)  Through  an  increase  in  size  and  procumbency  of  the  incisors 
as  in  many  orangs. 

SuUivan  (1918,  p.  9)  also  showed  that  in  the  races  of  man  there  is 
a  more  constant  relation  between  width  of  face  and  width  of  palate. 
In  other  words,  where  the  cheek  bones  project  laterally,  as  in  mon- 
golians, the  palate  is  usually  wide. 

Hellman  (1918,  1919)  has  shown  that  in  the  anthropoid  apes  the 
upper  and  lower  dental  arches  of  the  same  animal  may  differ  widely 
from  each  other  and  that  this  is  also  true,  perhaps  even  in  greater 
degree,  in  man. 

It  has  been  noted  above  (p.  472)  that  the  form  of  the  front  part  of 
the  palatal  arch  is  naturally  influenced  by  the  form,  size  and  position 
of  the  various  teeth,  and  that  when  we  find  wide  or  procumbent 
centrals  coincident  with  small  vertical  canines  and  bicuspids,  the 
upper  incisor  arch  may  be  more  or  less  convergent  or  A-shaped. 
(fig.  340).  In  the  Mousterian  youth,  as  noted  above  (p.  450),  the 
small  left  lower  deciduous  canine  is  in  place  and  consequently  the 
left  half  of  the  arch  is  more  convergent  than  is  the  right,  in  which  the 
large  permanent  canine  is  in  place. 

Hellman  observes  that  an  edge-to-edgc  bite  often  conditions  a  regu- 
larly arranged  lower  incisor  arch,  while  the  overbite  relation  favors  a 
crowding  and  overlapping  of  the  lower  incisors. 
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Individual  differences  in  Ike  details  of  normal  occlusion 

I  have  often  obsened  that  in  mammals  ha\ing  an  orthodont  or 
vertical  jaw  movement  the  blades  of  the  upfwr  and  lower  teeth  are 
closely  adjusted  to  each  other,  and  that  this  permits  but  little  vari- 
ability except  in  non-articulating  parts  of  the  teeth.  On  the  other 
hand,  in  mammals  having  varied  lateral  and  rotary  movements  of 
the  jaw,  as  in  certain  Eocene  lemuroids,  as  long  as  certain  main 
adjustments  are  conser\'ed  (such  as  the  Etting  of  the  hypoconids  of 
the  lower  into  the  centra  fossae  of  the  upper  molars)  there  is  oppor- 
tunity for  many  indi\idual  differences  in  detail,  as  to  degree  of  devel- 
opment of  certain  parts  (such  as  the  mesostyle)  and  in  the  paths  of 
the  mandible  at  different  times.  The  low-crowned  teeth  of  man, 
with  rotary  and  oblique  movements  of  the  mandible,  afford  oppor- 
tunity for  considerable  indi\-idual  differences.  Hellman  (1919)  has 
shown  that  the  classic  concept  of  normal  occlusion  is  far  too  rigid  and 
restricted,  since  it  has  left  out  of  account  the  wide  range  of  variability 
in  the  details  of  occlusion. 

The  occlusal  relations  of  the  upper  and  lower  cheek  teeth  are 
illustrated  in  Jigs.  315,  316  and  319-323. 

Origin  of  lite  chin 

Various  authors  have  advanced  different  views  of  the  mode  of 
origin  of  the  bony  chin.  Perhaps  the  most  probable  explanation  is 
that  upheld  by  Hrdlitka  (1911)  in  the  foUowing  passage: 

"As  to  the  chin,  the  inferior  part  of  the  lower  jaw  is  quite  passive,  and 
man,  especially  the  white  man,  has  a  pronounced  chin  to  his  jaw  today 
not  because  of  a  growth  of  chin  but  mainly  because  of  reduction  of  the 
dental  arch,  which  was  not  attended  to  an  equal  degree  by  reduction  of 
the  parts  underneath.  The  inferior  or  chin  portion  of  the  lower  jaw  has 
not  degenerated,  or  degenerated  but  little;  it  is  functional  as  a  supporting 
part  and  remained  in  length,  more  than  the  alveolar  arch,  as  it  was  in  older 
times.  The  alveolar  arch,  diminishing  gradually  further  and  further,  left 
the  lower  anterior  part  of  the  horizontal  rami,  formerly  more  posterior 
than  the  foremost  part  of  the  arch,  protruding,  and  this  protrusion  became 
shaped  into  a  chin.  Somewhat  similar  results  are  observable  today  in 
persons  of  different  ages.    In  the  old,  where  the  alveolar  arch  has  been  still 
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more  reduced  through  loss  of  teeth  and  absorption,  there  is  as  a  direct 
result  more  prominence  to  the  chin.  The  so-called  lantern  jaw  of  the  aged 
is  well  known  to  all  of  you." 

The  shrinking  of  the  dental  arch  in  front  and  the  increasing  verti- 
cality  of  the  incisors  and  canines  are  no  doubt  important  factors  in 
the  production  of  a  protruding  bony  chin.  One  reason  for  the  full- 
ness of  the  jaw  in  the  chin  region  is  the  presence  there,  in  the  young, 
of  the  relatively  large  but  as  yet  unerupted  permanent  incisors  and 
canines.  The  long  roots  of  these  teeth  when  erupted  also  necessitate 
a  deep  chin.  Robinson  (1913)  emphasizes  the  importance  of  the 
muscles  of  the  tongue  as  a  factor  in  the  evolution  of  the  chin,  since 
these  muscles  require  a  firm  base  of  attachment  furnished  by  the 
lingual  side  of  the  jaw  bone  behind  the  chin. 

The  premolars  and  molars 

The  range  in  size  of  the  premolars  in  Homo  sapiens  shows  consider- 
able variation  from  the  very  large  premolars  of  the  Talgai  youth  to 
the  small  premolars  prevalent  in  the  higher  races.  The  pattern  of 
the  premolar  crowns  varies  from  the  relatively  primitive  condition 
shown  in  certain  natives  of  New  Britain  (cf.  AdlofT,  1908)  to  the 
reduced  or  simplified  premolar  bicuspid  patterns  of  higher  races 
(see  pp.  451-152  and/^i.  324-329). 

The  molars  of  modern  men  show  a  conspicuous  variation  in  the 
number  of  cusps,  which  has  been  studied  by  many  authors.  In  1888 
Cope  published  an  extended  and  well-illustrated  account  of  his 
observations  on  the  molar-cusp  formula  of  many  races,  which  varies 
from  Jl^jj  in  primitive  types  to  \L^X  Zuckerkandl  (quoted  by 
AdlofT),  AdIofI  (1908,  p.  58),  Sullivan  (1920)  and  others  have  also 
contributed  to  the  subject,  Adlofl  recording  also  the  number  of  cusps 
in  the  neanderthaloids. 

More  or  less  in  association  with  the  reduction  in  number  of  cusps, 
the  upper  molars,  especially  the  second,  gradually  lose  their  quadrate 
form  and  become  secondarily  "  tritubercular."  Meanwhile  the  lower 
molars,  with  the  loss  of  the  hypoconulid,  lose  nearly  all  traces  of  the 
Dryopithecus  pattern,  which  is  completely  replaced  by  the  +-shaped 
pattern.    These  degenerative  changes  in  the  pattern  of  the  crowns 
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are  also  accompanied  by  reduction  in  size,  and  Keith  (1913)  dis- 
tinguishes "supra-plenal,"  "plenal"  and  "sub-plenal"  stages. 

As  the  third  upper  and  lower  molars  are  also  greatly  delayed  in 
eruption,  especially  among  higher  races,  they  are  evidently  decadent 
teeth  which  may  eventually  be  entirely  lost.  The  first  upper  and 
lower  molars  are  usually  more  conservative,  both  in  the  crown  pat- 
terns and  in  size,  than  the  second  and  still  more  than  the  third  molars. 

Another  character  of  the  molars  which  has  been  studied  by  many 
authors  is  the  Carabelli  cusp,  or  tuberculum  anomalum.  Cope 
(1888),  Schwalbe,  Adioff  (1908)  and  others  have  recognized  that  this 
cusp  has  been  derived  from  the  basal  cingulum.  Jeanselme  (1917) 
has  refuted  the  suggestion  that  the  cusp  is  associated  with  hereditary 
syphilis.  He  frequently  found  it  among  negroid  and  Asiatic  races, 
among  the  Malagasy,  or  natives  of  Madagascar,  among  the  Indians  of 
the  New  World  and  among  the  inhabitants  of  the  islands  of  the 
Pacific  Ocean  (Micronesians,  Indonesians,  Polynesians),  Its  occur- 
rence among  the  Neanderthal  race  is  discussed  above  (p.  454), 

Racial  characters  of  the  dentition 

Apart  from  a  few  striking  cases,  presently  to  be  noted,  racial  char- 
acters in  the  teeth  are  at  most  not  very  conspicuous.  The  matter  has 
been  ably  summarized  by  Hrdlicka  (1911)  in  the  following  passages: 

"I  want  now  to  say  a  few  words  ahoaX.  Hie  differences  oj  the  detUure  and 
dentition  in  various  races.  And  it  may  be  stated  right  from  the  start  that 
should  we  eliminate  the  white  race  from  comparison  such  differences  would 
be  small.  With  the  exception  of  the  size  of  the  teeth,  which  is  grater  in 
some  of  the  primitive  peoples  than  in  the  civilized  whites,  and  which  also 
differs  from  one  group  to  another  among  these  races  themselves  according 
to  their  habits,  there  is  but  little  variation.  The  type  of  human  denture 
can  be  said  to  be  today,  with  a  few  exceptions,  radically  everywhere  the 
same.  About  the  greatest  of  these  exceptions  concerns  the  form  of  the 
upper  permanent  incisors,  which  in  one  respect  are  radically  different  in 
the  Indians  from  what  they  are  in  the  whites,  negroes,  and  at  least  some 
other  races.  The  upper  and  particularly  median  upper  pennanent  indsors 
of  the  Indian  are,  as  you  will  observe  in  the  specimens  brought  here  for 
your  examination,  peculiarly  and  pronouncedly  concave  on  the  buccal 
surface.    I  call  these  teeth  shovel-shaped.    The  condition  is  seen  with 
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special  clearness  before  the  teeth  have  suffered  any  wear.  I  have  called 
attention  to  this  feature  in  a  number  of  my  publications.  It  is  due  to  an 
extraordinary  development  of  the  lateral  borders  of  the  ventral  surface 
of  the  crown.  Sometimes  these  borders  are  so  developed  that  they  appear 
as  if  folded  over  the  sides  of  the  buccal  surface  of  the  tooth.  They  converge 
upwards,  and  at  the  points  of  convergence  there  is  often  seen  a  more  or  less 
rudimentary  cusp.  At  the  same  time  the  dorsal  surface  of  the  crown  is 
frequently  more  convex  from  above  downwards  than  in  the  whites.  This 
form  of  an  incisor  is  found  only  seldom  in  the  white,  and,  on  the  other  hand, 
is  but  very  seldom  wanting  in  the  Indian.  Generally  all  the  four  upper 
incisors  will  be  thus  marked,  but  occasionally  the  condition  is  limited  to 
the  median  incisors. 

"Other  racial  differences  in  the  teeth  concern  the  cusps,  roots,  etc.  They 
have  in  part  been  already  mentioned  in  other  connections.  The  white 
man  shows  more  often  a  reduction  in  number  of  the  cusps  on  the  second 
and  third  molar  than  the  negro  and  some  other  of  the  primitive  races,  and 
more  frequently  congenital  absences  of  teeth,  especially  of  the  third  molar. 
The  root  and  crown  of  the  third  molar,  and  also  the  roots  of  the  other  teeth, 
are  often  more  reduced  in  the  whites.  Finally,  irregularities  in  position 
and  the  occurrence  of  decay  are  also  most  common  in  the  white  man. 

"As  to  racial  differences  in  dentition,  i.e.,  the  eruption  of  the  teeth,  our 
knowledge  is  as  yet  very  defective.  However,  the  white  and  the  Indian 
have  been  investigated  in  this  respect.  I  shall  read  a  few  lines  based  on 
my  own  studies  of  a  large  series  of  pure  Indian  children  free  from  mixture, 
and  you  will  see  how  insignificant,  with  perhaps  one  exception,  the  differ- 
ences in  the  process  of  the  eruption  of  the  teeth  are  between  the  Whites  and 
the  Indians,  two  branches  of  humanity  that  are  so  far  separated,  or  seem 
to  be. 

"The  conditions  foimd  as  a  result  of  the  investigation  of  960  AfKiche 
and  Pima  children  were  as  follows:  All  the  teeth  of  the  first  dentition 
appear  in  the  same  order  in  the  Indian  children  as  in  the  white.  As  to 
time,  the  temporary  incisors  erupt  on  the  average  at  about  the  same  age  in 
the  two  races;  the  appearance  of  the  first  temporary  molars  and  the  canines 
seems  to  be  somewhat  belated  in  the  Indian;  the  eruption  of  the  posterior 
temporary  molars  and  the  completion  of  the  first  dentition  are  accomplished 
earlier  in  the  Indian  than  in  the  Caucasian. 

"As  to  the  permanent  teeth,  the  incisors  and  bicuspids  appear  at  nearly  the 
same  period  of  growth,  as  indicated  by  the  height  of  the  body  in  both  races; 
the  canines  erupt  possibly  a  little  earlier  in  the  Indians;  the  second  molars 
appear  decidedly  earlier  in  the  Indians  than  in  whites;  and  the  appearance 
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of  the  last  molars  is  also  probably  on  the  average  somewhat  earlier  than 
in  whites.  The  earlier  eruption  of  the  second  and  also  the  third  permanent 
molars,  with  probably  that  of  the  permanent  canine,  are,  in  the  speaker's 
opinion,  signs  of  a  somewhat  less  advanced  evolution,  as  explained  before, 
of  the  teeth  in  the  Indian  than  of  those  in  the  white  people. 
"Exactly  what  the  conditions  regarding  dentition  may  be  in  other  primi- 
tive races  we  do  not  know,  but  there  are  signs  that  they  are  in  the  main  as 
in  the  Indian.  The  lack  of  pronounced  racial  diSerences  in  teeth  or 
dentition  indicates  strongly  a  unity  of  origin  of  mankind." 

Concerning  the  "shovel-shaped"  incisors,  Hrdlicka  (1920)  has 
recently  published  the  results  of  his  intensive  and  widely  extended 
observations.  He  found  these  characters  to  be  frequently  present  in 
members  of  the  yellow-brown  races,  less  frequently  among  negroes 
and  very  rarely  among  whites. 

The.racial  characters  ofthe  labial  surface  of  the  incisors  have  been 
investigated  by  Azoulay  and  Regnault  (1893)  and  by  Leon  Williams 
(1914).  The  first  two  authors  measured  the  difference  between  the 
length  of  the  lower  border  of  the  central  upper  incisor  and  the  length 
of  a  wire  placed  parallel  to  its  upper  border.  They  give  the  following 
table: 


Ap«s  (chimpanzees  and  gorillas,  male  and  female) . , 

Various  negroes 

New  Caledonians,  and  New  Hebrides 

Australians 

Polynesians 

Annamese  and  Chinese 

Europeans 

Hindoos,  Bengalis 


3.0* 
2.39 
2.19 
2.00 
2.01 
1.78 
1.61 
1.27 


From  this  they  conclude  that  the  inferior  races  (negroes,  Papuans) 
have  incisors  which  approach  those  of  apes  (in  being  wide  at  the 
bottom  and  narrow  at  the. top.)  The  "yellows,"  the  Europeans  and 
the  Hindus,  on  the  contrary,  have  teeth  with  parallel  borders. 

Leon  Williams  (1914),  on  the  contrary,  although  expecting  to  find 
racial  differences  in  the  form  of  the  incisors,  found  his  three  types 
A,  B,  C,  in  all  the  races  of  men  and  of  anthropoid  apes.  However 
it  seems  possible  that  if  the  subject  could  be  studied  statistically  one 
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or  the  other  type  would  be  found  more  prevalent  in  the  lower  types 
of  dentures. 

One  of  the  most  conspicuous  of  dental  racial  characters  is  seen  in 
the  second  upper  molar  of  the  Eskimo.  Cope  (1888)  and  Wortman 
observed  that  in  these  people  the  second  upper  molar  loses  its  hypo- 
cone,  and  the  remaining  lingual  cusp  (protocone)  becomes  narrower, 
so  that  the  tooth  assumes  a  pseudo-tritubercular  appearance. 

As  an  aid  to  the  study  of  racial  differences  in  the  dentition  I  have 
complied  the  appended  conspectus  of  the  species  and  chief  races  of 
the  Hominidse,  after  a  critical  study  of  the  best  modem  authorities, 
especially  Deniicer  (1915)  and  Haddon.  But  on  account  of  the 
almost  unlimited  migration,  mixture  and  local  differentiation  of 
races,  it  is  extremely  difficult  in  many  cases  to  recognize  the  com- 
ponent elements  of  races,  to  distinguish  convergent  and  independeot 
resemblances  from  genuine  marks  of  kinship,  and  finally  to  express 
the  relationships  in  a  linear  system  of  classification.  In  spite  of  these 
difficulties  the  study  of  racial  characters  of  the  dentition  and  dental 
arches  may  yet  assist  in  the  solution  of  such  questions  as  the  following; 

(1)  Is  the  Caucasian  race  a  natural  group,  or  have  the  Mediter- 
raneans, the  Nordics,  Alpines,  etc.,  independently  acquired  pale 
skins?  So  far  as  the  dentition  indicates  they  seem  to  be  closely 
related,  all  having  "high"  types  of  incisors,  premolars  and  molars. 

(2)  Are  the  Mongolians  and  Alpines  divergent  derivatives  of  a 
single  stock  or  do  they  merely  parallel  each  other  in  certain  characters? 

(3)  Were  the  neanderthaloids  an  entirely  distinct  race,  or  did  some 
neanderthaloids  somewhere  give  rise  to  Homo  sapiens? 

An  understanding  of  the  relationships  of  races  and  a  correct  evalua- 
tion of  the  racial  characters  of  the  dentition  may  be  facilitated  if  we 
distinguish  carefully  between  low  or  primitive  and  high  or  specialized 
characters.  In  general  "low"  characters  include  the  following:  The 
skin  is  dark,  often  very  dark ;  it  is  uncertain  whether  the  curly  or  the 
woolly  form  of  hair  is  most  primitive;  the  forehead  is  low,  retreating, 
supraciliary  ridges  prominent,  extending  across  the  eyes,  nose  deeply 
notched  at  base,  low  and  very  wide  below;  face  short,  lower  lip  prob- 
ably thick,  but  not  excessively  everted,  upper  lip  thin;  eyes  small, 
deeply  sunk,  orbits  with  angulate  comers;  cheek  bones  moderately 
high;  skull  dolichocephalic,  with  prominent  parietal  eminences;  an 
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edge-to-edge  bite,  crowns  of  incisors  nearly  vertical  but  roots  of 
incisors  directed  backward;  incisors  often  with  rim-and-hoUow; 
progDathous;  palate  n-sbaped;  chin  not  prominent;  jaw  massive, 
with  wide  ascending  ramus;  dentition  macrodont,  molar  cusp  for- 
mula t-UU  ^*  ^Qd  1^1  erupting  relatively  early  and  of  large  size; 
Carabelli's  cusp  frequently  present  on  m',  m*;  upper  molars  (m',  m*) 
of  rhomboid  form;  Dryopilhecus  molar  patterns  more  or  less  retained 
in  lower  molars;  traces  of  Dryopilhecus  premolar  patterns  in  the 
bicuspids. 

"High"  characters,  on  the  contrary,  include  the  following:  The  skin 
is  light;  hair  straight  or  wavy;  forehead  steep,  broad,  no  supradliary 
ridges;  face  "  long,"  nose  long,  delicate,  narrow;  lips  not  much  everted; 
eyes  large,  orbits  with  rounded  comers;  cheek  bones  not  high,  skull 
bracbycephalic  or  secondarily  (?)  dolichocephalic.  Overbite  of 
upper  incisors;  lim-and-hollow  form  of  incisors  rare;  orthognathous; 
palate  paraboloid  to  hyperboloid;  chin  prominent;  jaw  delicate;  den- 
tition micTodont,  molar  cusp  formula  4_4_4;  m'  and  m,  erupting  very 
late,  often  suppressed;  Carabelli  cusp  not  common;  second  upper 
molars  with  rounded  three-cusped  crown ;  lower  molars  with  +-shaped 
pattern;  bicuspid  patterns  of  conventional  type. 

III.  CONSPECTUS  OF  THE  SPECIES  AND  CHIEF  RACES 
OF  THE  HOMINIDAE 

Pithecanthropus 

PUhecanthropus  ereclus.  ?  Lower  Pleistocene,  Java.  Skull-top  almost 
gibbon-like;  referred  m',  m*  very  large,  with  divergent  roots.  Femur  man- 
like, indicating  erect  gait.  (See  Part  IV,  p  358.)  Probab)/  standing  near 
the  base  of  the  human  stem.     (See  p.  517,  below.) 

PalteanUiropus 

Homo  (Palaanthropus)  keiddbergmsis.  Middle  Pleistocene,  Germany. 
Mandible  of  great  size,  with  no  bony  chin;  ascending  ramus  very  wide. 
Dentition  distinctly  human,  allied  to  Neanderthal  type.     (See  pp.  427-441.) 

Extremely  ancient  and  primitive.  Probably  ancestral  to  the  Neander- 
thal race  and  at  least  near  to  the  ancestors  of  the  higher  races. 
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Homo  (Palaanlhropus)  neattderlhalensis.  Uppermost  Pleistocene  (Mous- 
terian)  of  Europe.  Skull  very  large,  with  very  low  retreating  forehead  and 
great  supraorbital  tori;  skull  wide  posteriorly.  Jaw  stout,  with  retreating 
chin,  dentition  "taurodont."  Palatal  arch  horse-shoe-shaped,  wide.  Stat- 
ure short.     (See  pp.  442-458.) 

The  extreme  taurodont  condition  of  certain  Neandethaloids  is  regarded 
as  a  specialization  which  carries  this  species  o£F  the  line  leading  to  higher 
races;  but  the  condition  was  much  less  pronounced  in  certain  specimens 
and  the  crowns  of  all  the  teeth  in  the  Mousterian  youth  (see  p.  444)  are 
extremely  primitive,  retaining  many  simian  features  that  are  lost  in  later 
races. 

Eoanttiropus  (?Homo) 

Homo  (EoarUkropus)  dawsoni.  Pleistocene,  or  possibly  Upper  Pliocene, 
Piltdown,  England.  Skull  very, large,  with  forehead  steep  and  vety  little 
if  any  projection  of  infraorbital  tori.  Cranial  walls  extremely  thick. 
Temporal  region  and  other  parts  resembling  Aurignacian  skull  (RamstrSm). 
If  lower  jaw  be  correctly  associated,  it  and  the  dentition  were  extraordi- 
narily chimpanzee-like.     {See  Part  IV,  p.  350.) 

Relationship  of  skull  with  Homo  turns  largely  on  the  moot  question  of 
association  of  the  mandible  with  the  skull. 

Homo  sapiens 

A.  CrO-MACNONS  and  OTHES  DOUCHOCEPHAUC  upper  PALJEOUTHIC  RACES 

{i)  Homo  sapiens  Galley  EUl.  England.  Skull  very  dolicho.  Jaw  with 
well-formed  chin.  Lower  molars  very  slightly  taurodont.  Lower  molar 
cusp-formula:  5,  5,  5;  transverse  diameter  of  mi  slightly  less  than  antero- 
posterior diameter,  a  primitive  character  (Keith,  1913). 

(2)  Homo  sapiens  BrUnn-Prldmost.  Upper  Palaeolithic  (Post-GIadal), 
Moravia.  Skull  dolicho.,  forehead  retreating,  supraorbital  tori  prominent. 
Chin  prominent.  Orbits  broad,  low.  First  lower  molar  with  five  cusps 
and  Dryopilhecus-pattem.  Second  lower  molar  with  reduced  hypoconuUd 
and  incipient  -H-pattem  (cf.  Adloff,  1908,  plate  IX,  figs.  53,  54). 

A  primitive  race  which  may  be  allied  with  the  Galley  Hill  type.  (See 
Osbom,  1915,  p.  336.) 

(3)  Homo  sapiens  Crd-Magnonensis  (aurignacensis).  Late  Paleolithic 
(Aurignacian),  Italy,  France.  Skull  of  high  type,  with  reduced  supra- 
orbital tori.  Dolicho.,  but  with  very  broad,  short,  face  and  projecting 
cheek  bones.     Space  between  the  eyes  small,  orbits  wide,  nose  narrow, 
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aquiline.  Jaw  with  complete  chin.  Palate  narrow.  Dental  arches  and 
dentition  of  relatively  high  type  (Combe-Capelle  skull).  Stature  very  tall 
(Crft-Magnon)  or  very  short  (Obercassel). 

The  Cr6-Magnon  race  is  generally  supposed  to  have  become  extinct  or 
to  have  left  but  few  traces  in  the  modem  populations  of  Europe,  which  for 
the  most  part  are  descended  from  the  Neolithic  and  later  invaders  from 
Asia.  The  extinct  race  from  Obercassel,  in  Bonn,  differed  from  the  CrA- 
Magnons  chiefly  in  their  very  short  stature. 

B.  NECRoros 

(4)  Homo  sapiens  Grimaldiensis.  Upper  PalfeoUthic,  France.  Skulls 
negroid,  dolicho.,  but  regarded  by  Keith  as  allied  with  Cr6-Magnon. 
Dentition  macrodont,  of  very  low  type.  Upper  dental  arch  narrow;  prog- 
nathism marked.  {Figs.  331,  334.)  Probably  an  intrusive  element  in 
Europe  {M.  Grant). 

(5)  Homo  sapiens  Boskop  {B.  capensis  Broom).  Age  and  relationships 
uncertain.  Boskop,  South  Africa.  Compared  with  CrA-Magnon  and  Bantu 
skulls  by  Haughton. 

(6)  Eomo  sapiens  Bushman.  Bushmen,  Hoi-koi,  Hottentots  (in  part). 
Hair  woolly  ("peppercorn").  Skin  yellowish.  Skull  dolicho.,  forehead 
steep.  Nose  very  broad,  cheek  bones  high.  Orthognathous.  Dentition 
(fig.  Z65G)  occasionally  with  primitive  features;  lower  molar  crowns  with 
wrinkled  surface  (cf.  Adlofif,  1908,  plate  V,  fig.  25).    Stature  very  short; 


An  ancient  but  specialized  offshoot  of  the  negroid  stock;  possibly  repre- 
sented in  the  Upper  Paleolithic  of  France  by  ivory  figurines  of  steatopygous 
women.  The  pictorial  art  of  the  Bushmen  presents  many  curious  points 
of  resemblance  to  that  of  the  Crfl-Magnons  (cf.  Sollas,  "Ancient  Hunters"). 

(7)  Bomo  sapiens  niger.  Sub-races:  (a)  Negrito,  (b)  Negro,  (c)  Mela- 
nesian.  Hair  woolly.  Skin  brownish  or  reddish-black  to  black.  Skull 
usually  dolicho.,  sometimes  brachycephalic  (Andamanese).  Forehead 
often  "bombed"  in  negroes.  Nose  broad.  Prognathous.  Lips  often 
everted.  Dentition  macrodont  {figs.  283n,  265F),  especially  in  Melanesians, 
to  microdont;  primitive  to  specialized.  Palatal  arch  fl-shaped  (many 
Melanesians)  to  A-shaped.  Stature:  short  (Negrito),  tall  (some  negroes) , 
medium  (Melanesians).  Melanesians  probably  more  primitive  than 
negroes. 

(8)  Bomo  sapiens  tasmanianus.  Tasmanians  (extinct).  Hairy  frizzy 
or  woolly,  skin  chocolate-brown,  skull  subdolicho.;  face  broad,  nose  very 
broad  and  flat;  prognathous;  palatal  arch  sometimes  U-shaped  (fig.  314). 
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Differ  from  Australians  and  resemble  Melanesians  chiefiy  in  their  frizzy 
hair  (fii.  302). 

(9)  Homo  sapiens  australianus.  (a)  Talgai  (figs.  337-333),  Queensland 
(PPIeistocene);  (b)  recent  Australians  (^gs.  308,  339).  (a)  Skull  of  ex- 
tremely low  type,  with  very  large  palate  and  teeth,  and  marked  prognath- 
ism, (b)  Hair  wavy  or  curly,  beard  abundant,  skin  chocolate-brown,  skull 
dolicho.,  with  prominent  supraorbital  tori;  nose  broad;  prognathous.  Den- 
tition often  macrodoDt  and  of  low  type.    Palatal  arch  variable,  often  Jl- 

.,_  CttLJY 

moderate.    Limbs  slender. 

The  Australians  are  regarded  by  Deniker  and  Haddon  as  a  "Pre-Dravid- 
ian  "  race,  driven  southward  from  southeastern  India. 

C.    MELANOmS  OR  HEDITERRANOIDS 

(10)  B onto  sapiens  veddalis.  Veddas  of  Ceylon.  Hair  long,  black,  coarse, 
wavy  or  curly.  Skin  dark  brown.  Skull  very  dolicho.  Face  broad, 
orthognathous.    Nose  broad,  depressed  at  root. 

A  very  primitive  race,  possibly  allied  with  the  Dravidians. 

(11)  Homo  sapiens  dravidicus.  Short,  dark  peoples  of  the  Deccan. 
"  Melano-Indians."  Hair  curly  or  wavy.  Skin  brownish  black.  Skull 
dolicho.  Stature  short.  Deniker  divides  this  group  into  two  sub-races, 
as  foDows: 

Sub-race  a,  platyrrhine:  Nose  broad,  flat,  face  rounded. 

Sub-race  b,  leptorrhine:  Nose  narrow,  prominent,  face  elongate. 

The  Melano-Indians"  are  on  the  whole  a  primitive  group.  The  platyr- 
rhine, flat-faced,  division  affords  a  structural  intermediate  between  the 
Australians  below  and  the  Indonesians  above.  The  leptorrhine,  long- 
faced,  division,  especially  in  the  case  of  the  Todas,  show  structural  affini- 
ties on  the  one  hand  with  the  Ainus  and  on  the  other  with  the  Indo-Afghans. 

"There  are  a  dozen  or  more  "Hindoo"  skulls  (fig.  SW)  from  southern  India,  in  the 
American  Museum  of  Natural  History,  which  probably  represent  the  dental  characters 
of  the  Melano-Indians,  possihly  more  or  less  mixed  with  other  strains.  The  skull  is 
dolicho-  or  mesocephalic.  The  palatal  arch  is  more  or  less  A-shaped  or  convergent  in 
front;  palate  vaulted;  the  central  incisois,  often  long-crowned,  have  the  lingual  face 
either  flat  or  with  one  or  more  low  vertical  ridges,  a  few  of  them  have  the  rim-and-hollow 
formation,  but  not  in  extreme  fonn.  The  upper  canines  in  males  are  rather  large,  with 
conical  crowns.  The  molar-cusp  formula  varies  from  s-ji-i  to  i:\-i.  Here  then  we 
have  a  mingling  of  "low"  and  "high"  characters,  in  harmony  with  the  supposed  portion 
of  the  Melano-Indians  near  the  point  of  divergence  of  the  Mediterranean  and  Indo-Afghan 


Fics.  331-.?.1.i,  iscLLsux.  Palatal  Abch  and  Vptek  Teeth  or  Gbualdi,  Nmr 

Britain  and  Modekn  Pbench  Skcu^.    Moddied  psou  Vebmuu; 

Arres  Gaikkv 


Fics.  334-336,  ikclvsht.    Louex  Dental  Akch  and  Teeth  op  Same  Sesies  as 
IN  Figs.  330-333.    Modified  no»  Vebseai-i  After  Gaitdry 


Fig.  337.  Fossil  Skull  froji  Talcai,  Qceensland,  Australia 
Courtesy  of  S.  A.  Smith.    Nonnal  verticalis,  and  sa^ttal  section  of  crushed  skull 
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(12)  Bomo  sapiens  indo-afghanus.  According  to  Deniker  this  race  pre- 
dominates in  the  northwest  of  India  and  includes  Siks,  Rajputs,  some 
Hindus,  Punjabi,  Todas  (in  part);  also  among  the  Afghans.  Hair  wavy  or 
straight,  complexion  light  brown  or  tanned.  Skull  dolicho.;  nose  thin, 
prominent;  stature  high. 

The  Indo-Afghan  race  may  have  derived  some  of  its  "high"  characters 
(tall  stature,  narrow  nose,  light  color)  by  mixture  with  "Aryan"  invaders, 
related  to  the  Nordics.     (Cf.  Haddon,  pp.  58,  59,  49;  M.  Grant,  1921.) 


Fig.  338.  Palate  of  Talcai  Sklt-L.  X  I.    After  S,  A.  Smith 

Deniker  (1915,  p.  289),  in  his  "grouping  of  the  human  races  according  to 
their  affinities,"  places  the  Indo-Afghan  race  next  to  the  Arab-Berber 
group,  which  they  resemble  in  many  characters. 

(13)  Homo  sapiens  ethtopicus.  Ethiopians  (Kushito-Hamites)  of  north- 
east Africa,  including  ancient  and  modern  Egyptians  (in  part),  Beja,  Galla, 
Somali,  etc.  Hair  curly  or  frizzy.  Skin  reddish  brown  to  chocolate- 
colored.  Skull  dolicho.  Nose  prominent,  often  long  and  narrow;  face 
elongate,  oval,  not  prognathous.  Stature  mo<lerate  to  high.  (Deniker,  p. 
438.) 
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The  Ethiopians,  although  often  having  frizzy  hair  and  very  dark  skins, 
differ  from  the  negroid  group  in  their  "high"  characters. 

(14)  Soma  sapiens  mtdilerraneus.  "Mediterranean"  group  in  part. 
Hair  wavy,  black;  skin  tawny-white  (melanochroic),  eyes  dark.  Skull 
usually  dolicho.;  nose  narrow.    Deniker  di\'ides  this   group  as  follows: 


Fig,  339,  Sei-ll  of  .\i-stb.\lhn-  Pemaie 
AmericaD  Museum  of  Xatural  Hbtory,  no.  3,280 
Sub-race:  medUerratutts  berher.  Berbers  (Hamites)  of  noFthem  Africa. 
.\Ithough  there  is  a  ver\-  great  \-ariety  of  t\'pes  in  this  sub-race,  Denike. 
(p.  432)  gives  the  following  as  a  "quite  general  characterization:"  Kose 
straight  or  concave  rather  than  aquiline;  a  trans\'eTse  depression  on  the 
forehead  above  the  glabella;  face  almost  quadrangular.  Skull,  goMially 
S]wnktng,  not  so  long  as  that  of  the  hrab;  occiput  not  &a  protninmt;  stature 
scarcely  above  the  average.  Often  more  or  less  ".\ralMsed"  in  language 
and  usages. 


Fic.  340.  Skull  and  Mandidl£  of  "Hindoo"  fbou  Solthesn  India 
American  Museum  of  Natural  Historj-,  no.  t?-?! 
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Fig.  341.  Skull  and  Mandible  op  "Bedouin,  Female"  frou  Svrik 
American  Museum  of  Natural  liutoiy,  do.  t4H 
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Sub-race  b:  tnedUenaneus  arabicus.  Arabs  or  Semites  of  Arabia,  Meso- 
potamia, North  Africa,  etc.  Nose  aquiline,  face  elongate,  oval.  Skull 
typically  doUcbo.,  witli  prominent  occiput.     Stature  tall,  slim. 

The  true  Bedouins  of  Arabia  are  more  or  less  mixed  with  Assyroids,  Tur- 
coids,  etc.  (Deniker,  p.  423).  The  skull  shown  in  fig.  341,  labelled  "Bed- 
ouin, Syria,"  may  not  be  a  pure  Arab  type.  It  shows  a  thoroughly  modern- 
ized dentition. 

Sub-race  c:  medHerraneus  lUtoralis.  "Littoral  or  Atlanto-Mediterra- 
nean,"  Deniker.  Mediterranean  shore  of  northern  Italy,  southern  France, 
Spain.  Nose  straight,  fine;  face  oval,  skull  mesocephalic.  Stature  above 
the  average  (1  m.  66).  Eyes  and  hair  very  dark.  Status  somewhat  doubt- 
ful. May  be  a  result  of  averaging  dark,  broad  heads  of  the  "Old  Black 
Breed  "  type,  with  true  Mediterraneans  (Fleure  and  James,  quoted  by  Madi- 
son Grant,  1921). 

Sub-raced:  mediterraneus Ibero-insularis  (Deniker),     Most  Portuguese, 

Spanish,  South  Italians,  Sicilians,  Corsicans,  "and  the  dolicho 

neolithic  inhabitants  of  Western  Europe  and  the  British  Islands  "  (Haddon). 
Nose  straight  or  turned  up.  Skull  dolicho.  Stature  short.  This  sub-race 
differs  widely  from  the  other  sub-races  of  this  group,  possibly  as  a  result 
of  crossing  with  Nordics  and  Alpines.  It  may  be  of  Asiatic  rather  than 
North  African  origin. 

The  Mediterranean  group  may  also  be  represented  by  some  of  the 
Upper  Palaeolithic  skulls  of  Ofnet,  on  the  Danube,  northwest  of  Munich. 
Skull  very  dolicho.,  with  narrow  forehead  and  broad  interparietal  region. 
Face  narrow.     (Osborn,  1915,  p.  480.) 


(15)  Bomo  sapiens  ainu.  Ainu  of  northern  Japan.  Hair  wavy,  very 
abundant  as  beard  and  on  body.  Skin  light  brown.  Skull  dolicho-  or 
mesocephalic;  supraorbital  ridges  prominent;  face  broad,  orthognatbus, 
with  high  cheek  bones;  os  japonicura  often  present.  Eyes  large,  horizontal; 
Mongolian  fold  usually  absent.  Nose  concave,  broad;  stature  short,  thick- 
set. 

A  race  of  uncertain  relationships,  resembling  the  Todas  in  their  excessive 
hairiness,  but  certainly  with  a  Mongoloid  strain.  Possibly  related  to  the 
Proto-Nordics  (M.  Grant). 

E.   XANTHOms 

(16)  Soma  sapiens  nordicus.  {B.  sapiens  europaus  Linnieus.)  The 
Nordic  race,  now  centering  in  Sweden.    Hair  wavy,  yellow,  brown  or  red- 
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dish;  eyes  blue  or  grey;  complexion  reddish  white;  skuU  doHcho.  Face 
elongate,  nose  prominent,  straight.  Orgnathous.  Dentition  "modem." 
Stature  tall. 

Sergi  derived  the  Nordics  from  the  "  Eurafrican '  or  Mediterranean  group 
of  longheads,  but  Madison  Grant  {1915,  pp.  170,  213)  concludes  that  the 
Nordics  "developed  in  eastern  Germany,  Poland  and  Russia,  together  with 
the  grasslands  which  stretched  from  the  Ukraine  eastward  into  the  steppes 
south  of  the  Ural."  Von  Luschan  (1911)  also  regards  some  ot  the  Kurds 
and  other  longheaded  peoples  of  western  Asia,  which  have  narrow  nose  and 
light  eyes,  as  the  descendants  of  primitive  Nordics.  In  early  times  Nordics 
(SacK,  etc.)  penetrated  far  to  the  east,  entering  India  and  possible  even 
reaching  China  (d.  M.  Grant,  1915).  Some  of  the  Galtchas  of  East  Tur- 
kestan described  by  Ujfahy  (1887)  present  a  remarkable  mixture  of  appar- 
entNordic,  Alpineand  perhaps  Indo-Afghan  characteis.  They  speak  very 
primitive  Aryan  languages.  Their  "Nordic"  characters  (e.g.,  occasional 
blondness  and  blue  eyes)  may  be  due  to  ancient  crossing  with  eastern 
offshoots  of  the  Nordics.  On  the  other  hand,  "  the  Galtcha  skull  measured 
by  Topinard  was  said  to  present  not  only  simple  resemblances,  but  even 
an  identity  almost  complete  with  the  best  characterized  skulls  of  Savoyards 
(Alpine  type)."  (Topinard,  quoted  by  Keane.)  According  to  Keane 
(1900,  pp.  555-556)  the  Galtchic-speaking  tribes  of  the  Hindu  Kush, 
Kafirstan,  Upper  Indus,  etc.,  include  one  group  of  brachycephalic  Alpine 
type  and  another  of  the  long-headed,  blond  Arj-an  type. 

The  more  remote  origin  of  the  Nordics  and  their  phyletic  relationships 
with  the  Mediterraneans  and  the  Alpines  remain  to  be  demonstrated. 

The  problem  of  the  origin  of  the  Nordics  is  bound  up  with  the  following 
questions,  the  solution  of  which  may  perhaps  be  approached  not  only 
through  studies  on  the  modem  dentitions  and  skulls,  but  especially  through 
a  study  of  past  migrations  and  racial  contacts: 

(a)  In  general  is  the  "  Caucasian  race  "  a  natural  group,  or  have  Nordics, 
Alpines,  and  Meditenaneans  been  derived  from  quite  diSerent  stocks  by 
convergence  toward  a  "Caucasian"  type? 

(b)  More  in  detail,  are  the  Nordics  more  nearly  allied  with  the  Alpines, 
and  is  their  dolichocephaly  thus  due  to  a  secondary  elongation  of  a  hypsi- 
brachycephalic  skull? 

(c)  Or  are  the  Nordics  derived  from  some  relatively  primitive  dolicho- 
cephalic type  such  as  von  Luschan's  Kurds,  proto-Ainus,  Tajiks,  Galchas? 

(d)  Are  the  Mediterraneans  of  Europe  derived  from  North  Africa  or 
from  Asia? 

(e)  Are  the  Alpines,  and  with  them  the  Armenians,  derived  from  a 
primitive  Central  Asiatic  Turco-Tartar-like  group,  and 
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(f)  Are  the  latter  related  to  the  Ugrians  and  other  Mongolians? 

(g)  Or  are  the  Alpines  derived  from  some  ancient  Galtcha-like  race  near 
to  the  stem  of  Nordics  and  Mediterraneans? 

F.  AI^DIOIDS 

(17)  Eomo  sapiens  assyroideus.  Represented  on  the  Assyrian  monu- 
ments. Now  much  mixed  with  other  races,  but  its  traits  seen  among 
Hadjemi-Persians,  Ayssores,  some  Armenians  and  some  Jews.  Hair  wavy, 
or  curly,  skin  tawny-white,  skull  brachycephalic.  Nose  in  the  form  of  a 
figure  6,  thick  at  top,  eyebrows  united,  lower  lip  thick.  Possibly  related 
to  Indo-Afghan  typw  (Deniker).    Arabized  Hittites  (M.  Grant). 

(18)  Homo  sapiens  armenianus.  Hittites.  Represented  on  the  Hittite 
monuments.  Now  much  mixed  with  other  races,  especially  Armenians, 
Arabs,  Turks,  Greeks  (von  Luschan,  1911).  Skull  excessively  high  (hypi- 
cephalic),  with  flattened  occiput  (planoccipital) ;  nose  typically  of  great  size, 
long,  narrow  and  protruding  far  in  front  of  chin.  Skin  tawny-white. 
Believed  by  von  Luschan  to  have  once  been  widely  distributed  in  Western 
Asia  and  to  be  somehow  connected  with  the  origin  of  the  "Alpine"  races  of 
Europe. 

(19)  Homo  sapiens  adrialicus  (Dinaric).  Coast  of  Northern  Adriatic; 
especially  in  Bosnia,  Dalmatia,  Croatia,  Tyrol,  central  France,  etc.  Skin 
dull  white;  hair  brown.  Skull  very  brachycephalic;  face  elongate.  Stature 
tall.    Deniker.     (Probably  related  to  no,  18  above.) 

(20)  Eomo  sapiens  alpinus  (Cevenole).  "Western  European."  Abun- 
dant in  southern  Germany,  Russia,  the  Balkans,  central  and  northern  Italy, 
central  France,  Skin  dull  white,  hair  dark  brown,  eyes  hazel  gray.  Skull 
very  brachycephalic,  face  round,  nose  often  sharp.  Stature  short;  palate 
often  wide;  dentition  of  "modem"  type,  not  differing  greatly  from  Nordic 
type. 

Much  mixed  with  Nordics  in  Germany,  France,  Belgium,  Russia;  with 
the  Mediterraneans,  in  southern  Italy  and  elsewhere.  The  "  Eastern  Euro- 
pean" of  Deniker  has  the  round  head  of  the  Alpines  combined  with  the 
fair  skin,  light  yellow  hair  and  blue  or  gray  eyes  of  the  Nordics  and  is  often 
regarded  as  a  cross  between  these  two.  In  northern  Russia  and  elsewhere 
the  Eastern  European  is  again  crossed  with  Ugrians,  Lapps,  Turco-Tartars 
and  other  races  of  more  recent  Asiatic  origin.  Possibly  the  Furfooz-Gre- 
nelle  race  of  the  Late  PalEolithic  of  Belgium  and  France  may  represent  an 
early  immigration  of  Alpines  from  Asia  (Osbom).  The  Beaker-maker  type 
of  tall  round  heads,  found  in  some  of  the  Neolithic  "round  barrows"  of 
England,  and  the  Borreby  type  of  Denmark,  which  have  strong  supraciliary 
ridges,  may  be  allied  to  the  Dinaric  or  Adriatic  type  (Madison  Grant). 
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Sub-race  d:  mongoloideus  Tungus-Manchu.  Skull  meso-  or  slightly 
dolichocephalic,  face  rather  elongated.    Stature  taller. 

Sub-race  e:  mongoloideus  Koreanus.  Eyes  with  Mongoloid  fold;  beard 
long,  thin.  Skull  brachycephalic;  face  long,  narrow,  often  prognathous; 
nose  narrow,  aquiline.    A  modification  of  the  Tungus  type  (Haddon,  p.  17). 

Sub-race  f:  mongoloideus  mongol.    Mongols  proper. 

(a)  Western  Mongols:  Kalmuks  of  Astrakhan  and  the  Caucasus. 

(b)  Eastern  Mongols:  Of  Mongolia  (Khalkhas;  Buriat,  in  part). 

Hair  straight,  black;  skin  pale  yellowish  or  brownish;  hair  scant  on  body 
and  face.  Skull  sub-brachycephaUc.  Cheek  bones  prominent;  nose  thin, 
straight;  eyes  Mongoloid. 

Sub-race  g:  mongoloideus  australis.  Southern  Mongols.  "  Most  of  the 
peoples  of  this  group  are  considerably  mixed  with  other  races;  they  com- 
prise the  Tibetans,  Himalayans,  Chinese  proper,  and  the  bulk  of  the 
populations  of  further  India  and  Indo-China.  Those  members  who  spread 
into  the  East  Indian  Archipelago  are  often  called  Oceajuc  Mongob,  but  a 
little  better  term  is  Proto-Malays;  and  it  is  from  these  the  true  Malay  is 
derived."    (Haddon,  p.  18.) 

Hair  black  and  lank,  with  little  hair  on  the  face;  skin  color  varies  from 
yellowish  on  the  north  to  olive  and  coppery  brown  on  the  south.  Skull 
brachycephalic,  often  prognathous;  nose  short  and  broad;  eyes  often  very 
oblique,  with  Mongolian  fold.  Stature  generally  short,  often  thick-set 
(Haddon). 

(23)  Soma  sapiens  eskimo.  Labrador  Eskimo,  Greenland  Eskimo, 
Aleuts  (in  part).  Hair  straight,  skin  brownish-yellow.  Skull  doUcho.; 
skull-top  "scaphoid,"  with  a  compressed  vault.  Face  round  and  flat,  with 
projecting  cheek  bones.  Eyes  straight  and  black.  Palate  typically  wide. 
Second  upper  molars  relatively  small,  with  only  three  cusps,  the  hypocone  . 
being  lost.    Lower  jaw  large.    Stature  short. 

The  Eskimo  are  often  thought  to  be  allied  with  the  American  Indians, 
but  the  connection  is  not  clear;  and  they  are  regarded  by  Hrdlicka  (1911, 
p.  7)  as  a  branch  of  the  yellow  or  "MongoUc"  race.  They  exhibit  some 
characteristics  of  the  Ugrian  sub-race  (short  stature,  dolichocephaly,  shape 
of  the  eyes,  etc.).     (Deniker,  p.  521.) 

H.  AUERINDS 

(24)  Homo  sapiens  atnerind.  American  Indians.  Hair  typically  straight, 
skin  yellowish,  brownish-yellow  or  brown.  Skull  often  brachycephalic, 
but  sometimes  dollcho.    Face  has  typically  high,  projecting  cheek  bones. 


Fm.  M2.  Skull  »so  Maxdibu  or  Eskimo,  Feiuu: 
Amr.rirAn  Miucom  of  Katntal  Hstocy,  no.  iVi 
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Fig.  343.  Skull  of  Indian  from  Illikois 
American  Museum  of  Natural  Hislory,  no.  gJJ 
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Nose  usually  stra^ht  or  aquiline.  Eyes  black.  Palate  often  broad. 
Upper  incisors  shovel-shaped.  Molars,  ofteo  large,  mi  often  with  Dryo- 
pithecus-^aiXxm  (see  Part  IV,  p.  37Sy.  Stature  short,  intermediate,  some- 
times tall. 

Haddon,  largely  following  Deniker,  gives  the  following  clas^cation: 

Sub-race  a:  Palao-Amerinds.  Botocudos  and  other  South  American 
tribes.  Hair  wavy  or  curly.  Body  smooth.  Skull  doUcho-  or  mesoceph- 
alic.    Nose  prominent,  straight  or  concave.    Stature  short. 

Sub-race  b:  Palagonians.  Hair  straight;  nose  straight.  Skull  brachy- 
cephalic;  face  square.    Stature  very  tall. 

Sub-race  c :  Southern  Amerinds.  Hair  straight,  skin  yellow,  body  smooth, 
nose  straight  or  concave,  stature  short.     Skull  meso-  or  brachycephalic 

Sub-race  A:  Central  Amerinds.  Central  American  tribes.  Hair  straight; 
skin  brownish-yellow  or  brown.  Skull  brachycephalic;  nose  straight  or 
aquiline.    Stature  short. 

Sub-race  e:  Northwestern  Amerinds  of  the  Pacific  slope.  Hair  straight, 
skin  warm  yellow.  Skull  brachycephalic;  face  usually  rounded.  Stature 
intermediate. 

Sub-race  f :  Northern  Amerinds  of  the  Atlantic  slope.  Hair  straight;  skin 
warm  yellow.  SkuU  mesocephalic;  face  oval;  nose  straight  or  aquiline. 
Stature  tall. 

It  is  usually  supposed  that  the  Indians  reached  North  America  from  the 
north;  but  some  hold  that  the  small  yellow-skinned  tribes  of  South  America 
are  connected  wtih  the  Indonesians.  The  western  spreading  of  the  Indo- 
nesians and  Polynesians,  however,  may  be  comparatively  recent,  while  the 
Indian  race  has  inhabited  both  North  and  South  America  for  a  very  long 
period,  probably  since  late  glacial  times.  The  extremely  primitive  charac- 
ter of  many  Indian  molars  and  premolars  suggests  that  the  race  has  been 
derived  from  some  very  low  group  preceding  the  Crft-Magnons  and  allied 
to  the  stem  of  the  Mongoloids. 


(25)  Homo  sapiens  indonesianus.  Certain  Indonesian  tribes  of  Borneo, 
of  the  East  Indian  Archipelago  and  of  the  Philippines.  Hair  wavy,  black; 
skin  tawny,  often  light;  body  smooth;  nose  flat,  sometimes  concave;  cheek 
bones  often  projecting.    Skull  dolicho.  to  brachycephalic. 

More  or  less  mixed  with  Proto-Malays,  Hindus,  Papuans,  Melanesians, 
Polynesians,  etc.  Possibly  derived  from  Dravidians,  some  of  which 
approach  the  Indonesians  in  certain  characters. 

(26)  Homo  sapiens  polynesianus.  Hawaii  to  New  Zealand.  Hair 
wavy,  long;  skin  yellowish;  body  smooth;  skull  brachy-  or  mesocephalic; 
nose  prominent;  face  long,  "elliptical."    Stature  tall. 


EVOLUTION  OF  THE  HUMAN  DENTITION 


499 


"The  Poljoiesians  are  a  mixed  people.  Their  original  home  was  perhaps 
somewhere  in  Eastern  India,  whence  shortly  before  our  era,  they  migrated 
to  the  East  Indian  Archipelago,  where  we  may  speak  of  them  as  Indone- 
sians. The  Proto-Malays  were  about  this  time  pressing  down  south  from 
the  mainland  of  Asia,  and  eventually  a  mixed  population  seems  to  have 
gone  further  east.  .  .  .  ."  (Haddon,  p.  21.)  The  latter  spread  into 
the  islands  of  the  Pacific. 


Fig.  344.  Dispersal  op  the  Races  of  Man.    After  Matthew 

IV.  SUMMARY  AND  CONCLUSIONS  FOR  PART  V 

Darwin's  conclusion  was  that  "some  ancient  member  of  the  anthro- 
pomorphous sub-group  (of  the  Old  World,  or  catarrhine  series)  gave 
birth  to  man."  If  this  is  incorrect  then  much  of  Parts  IV  and  V  of 
the  present  review  is  practically  worthless,  since  all  resemblances  of 
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the  dentition  between  anthropoid  apes  would  be  based  not  on  genetic 
kinship  but  on  convergence,  and  the  course  of  the  supposed  evolution 
of  the  dentition,  as  traced  in  this  review,  would  be  illusory  rather 
than  real. 

It  Js  illusory  and  unreal  if  Wood  Jones  instead  of  Darwin  is  right. 
Wood  Jones  (1918)  holds  that  the  existing  Tarsius  is  the  only  living 
survivor,  now  highly  specialized  in  certain  features,  of  the  very  remote 
primate  stock  that  gave  rise  to  man;  he  approves  Klaatsch's  view 
that  the  monkeys  and  apes  are  best  regarded  as  degenerate  branches 
of  the  pro-human  stock;  he  considers  the  apes  more  specialized  than 
man,  and  suggests  that  many  of  the  resemblances  of  apes  to  man  are 
due  to  parallelism  or  convergence;  he  proclaims  the  "basal  mam- 
malian primitiveness"  of  the  human  skull  and  skeleton  as  well  as 
many  other  human  characters;  finally  he  insists  that  palaeontologists 
should  acquaint  themselves  with  the  profound  differences  between 
human  and  anthropoid  anatomy  because  these  differences  in  his 
opinion  far  outweigh  the  resemblances  in  the  bones  and  in  the  teeth; 
and  he  intimates  that  the  skeletal  parts  are  the  only  ones  to  which 
palaeontologists  have  given  due  consideration. 

The  comer  stone  of  Wood  Jones'  entire  theory  is  the  "basal  mam- 
malian primitiveness"  of  the  human  skull  and  skeleton.  But  as  I 
have  shown  elsewhere  (1920,  PI.  XXVII),  this  assumption  is  flatly 
contradicted  by  the  evidence  of  palaeontology,  taxonomy  and  com- 
parative anatomy. 

If  we  lay  out  on  a  long  table  a  series  of  humeri,  placing  at  the  left 
those  of  various  Paleocene  and  Eocene  mammals,  next  the  humeri  of 
Eocene  primates  and  at  the  right  those  of  existing  lemurs,  platyr- 
rhines,  catarrhines,  anthropoids,  Dryopithecus  and  man  in  the  order 
named,  we  shall  see  that  the  most  primitive  primate  humeri,  that  is 
those  most  like  the  humeri  of  other  Paleocene  and  Eocene  mammals 
(which  are  known  and  universally  admitted  to  be  primitive),  are  not 
the  humeri  of  man  and  of  the  anthropoids  but  the  humeri  of  Eocene 
primates.  We  shall  also  see  that  there  is  a  gradual  change  in  form 
from  the  humeri  of  Eocene  primates,  which  are  most  like  those  of 
quadrupedal  Eocene  mammals,  to  the  humeri  of  the  chimpanzee 
and  of  man,  the  latter  two  belonging  to  upright  sitting  animals  that 
have  real  hands. 
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The  "basal  mammalian  simplicity  of  the  human  skull"  is  equally 
an  erroneous  concept.  For  real  "basal  mammalian  simplicity,"  or 
rather  basal  primate  simplicity  (which  is  a  very  different  thing, 
although  Wood  Jones  confuses  the  two),  we  must  look  not  to  man 
but  to  the  Eocene  primates,  such  as  Notkarctus  (Part  II),  the  skull 
of  which  approaches  that  of  other  Eocene  placental  mammals  in 
very  many  characters  not  foimd  in  man. 

As  to  the  "wide  differences"  between  human  and  anthropoid 
anatomy  the  answer  is:  first,  that  however  numerous  and  great 
these  differences  may  be,  they  have  doubtless  been  acquired  during 
the  vast  time  since  the  human  branch  separated  from  the  gorilla- 
chimpanzee  stock;  and  secondly,  that  these  differences  are  far  out- 
weighed in  importance  by  the  still  more  numerous  and  profound 
resemblances. 

The  latter  has  been  widely  recognized  as  a  fact  by  all  those  who 
have  made  or  are  still  making  the  most  sohd  contributions  to  our 
knowledge  of  the  comparative  anatomy  of  the  anthropoids:  such  as 
Deniker  in  his  classic  memoir  (1886)  on  the  anatomy  of  a  fcetal 
gorilla;  Keith,  who  for  the  past  thirty  years  has  continued  his  compre- 
hensive and  illuminating  studies  of  the  subject;  Retzius,  who  described 
the  remarkably  human  characters  of  the  spermatozoa  of  the  gorilla; 
Tilney,  who  testifies  to  the  fundamentally  human  construction  of  the 
gorilla  brain-stem;  and  many  others. 

It  is  an  easy  answer  to  almost  any  question  concerning  human 
evolution  that  "we  must  await  paUeontological  evidence"  rather  than 
admit  that  the  main  outline  of  human  evolution  is  already  plain  to 
all  who  can  read  the  available  record.  In  the  case  of  man  the  palieon- 
tological  part  of  the  record  is  admittedly  incomplete,  and  taken  by 
'itself  would  prove  little.  But  when,  from  comparative  anatomical 
evidence,  we  recognize  the  closeness  of  the  relationship  between  man 
and  the  gorilla-chimpanzee  group,  the  palsontological  record  is  seen 
to  be  entirely  in  harmony  with  my  conclusion  that  man  is  a  late 
Tertiary  offshoot  of  the  DryopilhecusSivapitkecus  group,  or  at  least 
of  apes  that  closely  resembled  these  genera  in  the  construction  of  the 
jaw  and  dentition. 

Two  principal  objections  to  this  conclusion  will  doubtless  be  made 
by  many  paleontologists.    The  first  is  that  the  human  grade  of 
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organization  was  already  attained  as  far  back  as  the  Middle  or  Lower 
Pleistocene  and  may  at  any  time  be  expected  to  be  found  in  the 
Pliocene,  and  that  there  is  therefore  not  sufEtdent  time  to  effect  such 
a  great  transfonnation  between  the  Pliocene  and  the  Miocene.  My 
answer  to  this  is  that  it  is  a  "fallacy  of  the  undistributed  middle," 
since  it  assimies  that  the  rate  of  evolution  for  man  is  the  same  as  that 
for  horses  and  proboscideans,  whereas  the  facts  prove  that  rates  of 
evolution  differ  enormously  in  di^fferent  phyla  and  at  diferenl  times; 
that  rates  of  evolution  are  as  individual  and  specific  as  are  the  corre- 
sponding anatomical  characters;  that  in  the  case  of  man  aU  the  evidence 
suggests  that  during  late  Tertiary  times  the  rates  of  Irartsformation  were 
greatly  accelerated,  especially  in  the  structure  of  the  brain  and  of  the 
feet. 

The  second  objection  that  will  be  raised  against  the  conclusion 
cited  above  is  that,  with  possibly  two  exceptions,  all  authors,  from 
Darwin  and  Gaudry  to  Wood  Jones,  have  recognized  that  Dryopi- 
thecus  was  already  an  ape  and  therefore  that  it  cannot  be  in  the  human 
line.  Smith  Woodward  (1914)  on  the  other  hand  showed  that,  as 
regards  the  construction  of  the  mandibular  symphysis  and  the  arrange- 
ment of  the  attachments  for  the  tongue  muscles,  Dryopithecus  appears 
to  afford  a  starting  point  not  only  for  the  anthropoid  but  also  for 
the  human  lines  of  specialization;  while  I,  in  earlier  papers  as  well 
as  in  the  present  review,  have  shown  that  Dryopithecus  as  well  as 
Sivapithecus  give  us  an  excellent  starting  point  for  the  diverging 
specializations  of  the  dentition  of  anthropoids  and  men.  This  can 
hardly  be  denied  in  so  far  as  it  applies  to  the  upper  and  lower  molars 
and  premolars;  but  it  will  be  objected  that  it  is  the  presence  of  ape- 
like canines  and  ape-like  lower  premolars  in  Dryopithecus  and  Siva- 
pithecus that  rules  them  out  of  the  line  of  human  ascent.  I  on  the' 
other  hand  hold  that  the  conditions  in  which  the  tips  of  all  the  lower 
teeth  are  reduced  to  the  same  general  level  and  the  diastemata  are  closed 
up,  is  just  as  secondary  in  man  as  it  is  in  Homalodotherium;  that  it  is 
connected  -with  the  general  reduction  of  the  facial  part  of  the  skuU  and 
correlated  with  obvious  changes  in  habits  of  feeding  and  of  fighting; 
that  there  is  no  more  "basal  mammalian  primiliveness"  to  be  found  in 
the  human  dentition  than  there  is  in  the  mandible  or  maxilla. 
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The  structural  resemblances  and  differences  between  man  and 
DryopUhecus  with  reference  to  characters  of  the  jaws  and  dentition 
are  summarised  in  table  1. 

In  respect  of  every  one  of  these  characters  DryopUhecus  is  more 
primitive,  more  like  other  primates,  than  is  typical  man.  And  it 
should  not  be  forgotten  that  the  "Mousterian  youth"  and  many 
Indian,  Australian,  Melanesean  and  other  primitive  dentitions  retain 
intermediate  or  transitional  features,  which  add  their  quota  of  evi- 
dence for  the  conclusipn  that  the  DryopUhecus  group  is  structurally 
ancestral  to  man. 

The  wide  differences  between  high  hmnan  characters  on  the  one 
hand  and  low,  DryopUhecus  characters  on  the  other,  are  an  expression 
of  the  difference  in  life  habits  between  primitive  apes  and  typical 
men.  As  Darwin  and  most  anatomists  have  recognized,  the  direction 
of  evolution  rapidly  changed  and  the  old  ape-like  "heritage"  was 
largely  replaced  by  the  new  human  "habitus."  But  many  have  for- 
gotten the  principle  of  "change  of  function;"  they  have  in  mind  only 
the  kind  of  predetermined  and  straightforward  evolution  that  is 
illustrated  in  the  pal^eontological  history  of  the  horses;  they  cite 
Dollo's  "law  of  irreversibility  of  evolution"  as  a  reason  for  doubting 
radical  changes  in  the  direction  of  human  evolution,  forgetting  that 
great  changes  in  function  and  in  the  direction  of  evolution  were  the 
very  phenomena  that  Dollo  used  so  brilliantly  in  formulating  his 
law.  Rightly  perceiving  that  most  groups  are  polyphyletic,  many 
authors  conceive  those  phyla  as  continuing  backward  indefinitely  on 
parallel  lines,  so  that  the  anthropologist  Sergi  has  finally  concluded 
that  there  never  was  any  transformation,  but  that  the  various  "  types" 
of  animals  and  plants  were  produced  independently!  Other  authors, 
impressed  by  the  great  antiquity  of  many  mammalian  groups  and 
by  the  extreme  slowness  of  evolution  in  general,  assume  that  the  rate 
of  evolution  of  man  has  been  equally  slow,  so  that  they  expect  to 
find  the  human  phylum  already  set  off  from  other  primates  at  a  very 
early  time,  perhaps  even  in  the  Eocene, 

Lartet,  Gaudry,  Dubois,  Schlosser,  Pilgrim,  by  their  discoveries  of 
fossil  anthropoids,  have  prepared  the  way  for  the  recognition  of  the 
truth  of  Darwin's  conclusion  that  man  was  derived  from  "some  an- 
cient member  of  the  anthropomorphous  subgroup;"  Schlosser  (quoted 
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TABLE  I 
CoHlraiti  betuKen  D*yopilhtau  and  m 


Dental  fonnula 
Lower  indson 


Diutema  between  lower 
canine  and  anterior  pie- 
molAT 

Crown  of  lateral  lower  in- 


Lower  canine 

Axis  of  lower  canioe  ciown 
Fust  lower  bicuspid 

Second  lower  bicuspid 
First  bwer  molar 

Second  lower  molar 
Third  bwer  molar 


Praponions  oi  lower  molars    Long  and 


\  m  tht  lower  jam  and  te€tk. 


II  CI  P!  MjE; 

More  erect,  crowded,  irften 
more  or  less  diylared 


Less  expanded  transversely, 
with  remains  of  primi- 

WUh  ptMuted  tip  project- 
ing considerably  above 
level  of  premolars 

Slightly  inclined  forward 

Asymmetrical,  with  high 
tip  and  two  roots 

Asymmetrical,  with  high 
tip,  high  Irigonid  and  low 
talonid 

Smaller  than  second  lower 
molar,  with  live  cu^ 
and   "Dryepilheeus-pat- 


With  &ve  cii^  and  Dryo- 
pilhtcus-p^ltera 

The  longest  of  the  series, 
with  Sve  cusps  and  Dryo- 
pilheetu-p^ttera 


Expanded  transversely  and 
truncate  at  top 


With  obtuse  tip  piojectini 
but  little  above  level  of 
premolars 


Symmetrical,  with  low  tip 
and  single  root 

Symmetrical,  with  low  t^ 
and  reduced  ttigonid  and 
talonid  basins 

Longer  than  second  molar, 
with  five  cuqM  and  rem- 
nants   of     Dryepilkecia- 

With  (our  cusps  and  -|- 
-shaped  pattern 

The  shortest  of  the  series, 
often  with  four  cusps  and 
modified  Dryopilktcia-piX- 


Short  and  broad 
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TABLE  1-C«tliw«r 


™„„ 

DRTorj  rucvs 

■LU)  {TVPICAl) 

IntNcondylu  dumeter 

Relatively  narrow 

Very  wide 

Uwei  dental  areh 

With  paraUel  sides 

^pace  for  tongue 

Contracted,  narrow 

Expanded,  wide 

SjTOphyMi 

Relatively   long  and 
ing 

slop. 

Very  short  and  vertical 

Boaycbin 

Retreating 

Protniding 

Ajcending  ramus 

Very  wide 

by  Branco,  1898,  p.  126)  even  regarded  man  as  a  derivative  of  those 
Upper  Miocene  anthropoids  which  gave  rise  to  the  gorilla,  Dryopi- 
tkecus,  chimpanzee  and  orang,  a  view  that  very  nearly  anticipates 
my  own. 

Those  who  do  not  realize  the  cumulative  and  convincing  character 
of  the  anatomical  evidence  for  the  close  relationship  of  man  with  the 
gorilla-chimpanzee  stock,  and  who  look  for  ancestral  Hominidas  in 
the  early  Tertiary,  would  probably  fail  to  recognize  a  real  human 
precursor  as  such,  if  it  were  found  in  the  late  Tertiary.  We  already 
have — to  go  back  no  further — Parapithecus,  Propliopithecus,  Dryopi- 
Ikecus,  Sivapilhecus,  Pithecanthropus,  Homo  (Palaantkropus)  heidel- 
bergensis,  H.  neanderthalensis  and  many  grades  of  H.  sapiens.  But 
many  do  not  perceive  that  this  forms  an  admirable  structural  sequence; 
they  insist,  with  Boule,  on  "more  fossils  and  many  more  fossils." 
Adloff  and  others  reject  Darwin's  conclusion  that  man  is  an  offshoot 
from  "some  ancient  member  of  the  anthropomorphous  subgroup," 
but  they  have  no  difficulty  in  believing  in  the  impossible"  "concres- 
cence theory"  as  applied  to  the  origin  of  the  human  dentition. 

The  remaining  conclusions  for  Part  V  will  be  found  in  the  italicized 
sentences  and  headings  on  pages  411-480  above.  They  are  also 
expressed  graphically  in  figs.  311-317,  and  319-329. 


"My  reasons  for  calling  the  concrescence  theory  "impossible"  a 
pages  461-465. 


:  pven  above,  on 
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Tvtntysix  ilTUdural  ttagu  inAtoi 


..o„»„.„. 

=. 

„„. 

..^.o.^™ 

Recent 

26 

"High"  human  type  (microdont) 

BomosapUta 

Upper  Pleistocene 

25 

"Low"  buman  type 

(Bomo  "moutttHem 

Middle  Pleistocene 

24 

Heidelberg  race 

Lowec  Pleistocene 

? 

Pliocene 

23 

Human  precursor 

Fithccanlhropus 

Miocene 

22 

Advanced  pre-buman  anthropoid 

ISivapilheittS 
XDtyopilhKUi 

Oligmrene 

21 

" 

20 

PorapUhecM 

Upper  Eocene 

19 

Progressive  tarsioid 

Middle  Eocene 

18 

Primitive  pro-tarMoid 

(Omomyt)' 

Lower  Eocene 

17 

Primitive  lemuroid 

IPdyccdus)' 

Paleocene 

16 

Insectivorous  preprimale 

Und'odony 

Cretaceous 

15 

Insectivorous  preplacental 

? 

Jurassic 

14 

Pre- tritubereu  late  mammal 

Amfkilherium 

Triassic 

13 

Protodont  mammal 

Dromolheriam 

12 

Advanced  mammal-like  reptile 

Ictidofsis 

Upper  Pennian 

Intermediate  mammal-like  reptile 

{Cynosuckusy 

Middle  Pennian 

10 

(Moickops)' 

Lower  Permian 

9 

Primitive  pelycosaurian  reptile 

" 

8 

Progressive  eotylosaurian  reptile 

(Capu>rkinusy 

7 

Lower  Carboniferous 

6 

Primitive  amphibian 

{Loxommay 

Uppermost  Devonian 

5 

Pro-telrapod 

Tkinoput 

Upper  Devonian 

4 

Progressive  crossopterygian  fish 

Middle  Devonian 

? 

3 

2 

Primitive  crossopterygian  fish 

OsUoUpis 

? 

Upper  Silurian 

t 

Primitive  jawless  fish 

Birkaiia^ 

'  Not  in  direct  line  but  more  or  less  related  thereto. 

'  Cladoselache  of  the  Upper  Devonian  is  a  late  survivor  of  this  grade  {fig.  2). 
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id  (ft  the  evalulioit  of  the  human  dmlilian 


Cbsj 

0,d.r 

S.lK,«icr.,.«,icz, 

F^imily 

s 

!8 

13 

Primates 

Catarrhina; 

Hominidi 
Simiid* 

55 

Kfenotyphla 
"Bunotheria" 
Trituberculata 
Protodonta 

Tarsioidea 
Tarsioidea 

SimiidK 

Parapithecidae 

NccrolemuridK 

Tarsiidi 

Notharctidre 

Mijodectidae 

Acnphitheriidz 
DromotheriidiB 

Reptilia 

Therapsida 
Theromorpha 

Cynodontia 

Dinocephalia 
Poliosauria 

C>-nognathidie 
Cynosuchidfe 

Cotylosauria 

CaptorhinomoTpba 

CyplorhinidLC 
Saurav-iiiic 

Amphibia 

Protelrapoda 

Embolomeri 

r^5om  mall  die 

Croswpterygii 

Rhipidistia 

Rhizodontid.'E 
Osteolepidse 

Anaspida 
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V.  FINAL  SUMMARY:  TWENTY-SIX  STRUCTURAL  STAGES 

IN  THE  ASCENT  OF  MAN  AND  IN  THE  EVOLUTION 

OF  THE  HUMAN  DENTmON. 

DESCRIPTION   OF   STAGES    1-26 

(1)  Primitive  jawlcss  fish.    Known  relatives:  Silurian  anaspid  ostraco- 

derms  {Birkenia,  etc.). 
Life  zone:  Freshwater  streams,  etc.    Locomotor  habitus:  Ssb-like, 

but  without  pectoral  and  pelvic  fins. 
Food  habits:  probably  sucking  in  minute  organisms  and  om^nic 

matter. 
Mouth  and  jaws  suctorial. 

Cartilaginous  gill-arches  not  developed  or  not  calcified. 
Teeth,  none. 
Skin  covered  with  denticles  or  flattened  scutes. 

(2)  Primitive  gnalhostome  or  jaw-bearing  fish.     Known  relatives:  primitive 

Devonian  sharks  (Climatius,  Cladoselache). 
Life  zone:  freshwater  streams,  etc.    Locomotor  habitus:  fish-like, 

with  pectoral  and  pelvic  fins  of  fin-lappet  origin. 
Jaws  cartilaginous,  calcified,  derived  from  modified  gill-arches  and 

operated  by  modified  gill-arch  muscles. 
Jaws,  temporal  region  and  whole  body  covered  with  skin  bearing 

shagreen  denticles. 
Teeth  derived  from  enlarged  shagreen  denticles,  formed  in  many 

successive  sets  on  skin  covering  the  jaws. 

(3)  Primitive    crossoplerygian.    Example:    Devonian    rhipidistian    fish, 

Osteolepis. 

Life  zone:  streams  and  swamps.  Locomotor  habitus:  fish-Uke: 
pectoral  and  pelvic  fins  feather-shaped,  with  fleshy  axis  supported 
by  cartilage  rods. 

Food  habits  predatory. 

Gill-arch  or  primary  jaws  covered  with  ossified  skin. 

Jaws  hyostylic,  that  is,  supported  by  large  hyomandibular. 

Temporal  region  with  continuous  imperforate  osseous  dermal  cover- 
ing, including  intertemporal,  supratemporal,  squamosal,  quad- 
rate-juga!  and  jugal. 

Teeth  sharply  differentiated  in  form  from  scales,  covering  margins 
and  inner  sides  of  jaws  and  roof  of  mouth. 

Marginal  teeth  pointed,  with  complexly  infolded  bases  (labyrintho- 
dont). 
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A  series  of  derm  bones  covering  opercular  region  and  underside  of 
throat. 

(4)  Progressive  crossopterygian.    Example:  Upper  Devonian  rhipidistian 

fish,  Euslhetiopteron, 

Life  zone:  streams  and  swamps. 

Locomotor  habitus:  fish-like;  pectoral  fins  fan-shaped,  with  abbre- 
viate, thick,  fleshy  axis,  supported  by  skeleton  of  pro-cheiropter- 
ygial  type;  pelvic  fins  of  similar  construction  but  narrower. 

Food  habits,  jaws  and  skull,  differing  only  in  details  from  stage  3. 

(5)  Protetrapod.    (Transitional  from  rhipidistian  fish  to  primitive  tetra- 

pod.)     Known  only  from  a  foot-print  {Thinopus  antiquus  Marsh) 
from  the  Upper  Devonian  of  Mauch  Chunk,  Pennsylvania. 

(6)  Primitive  amphibian.    Example :  Lower  Carboniferous  stegocephalian, 

Loxomma. 
Life  zone:  swamps.     Locomotor  habitus:  primitive  tetrapod  type, 

with  short,  pentadactylate  extremities. 
Food  habits  predatory. 
Jaws  autostylic;  upper  jaw  attached  to  base  of  cranium  by  basi- 

pterygoid  processes;  maxilla  and  dentary  of  moderate  size. 
Temporal  region  imperforate. 

Opercular  and  gular  elements  lost;  skull  otherwise  much  as  in  stage  4. 
Teeth  much  as  in  stage  4. 
Palate  in  primitive  forms  much  as  in  stage  4,  in  later  Amphibia 

becoming  widely  open. 

(7)  Primitive  colylosaurian  reptile.    Example:  Upper  Carboniferous  cotylo- 

saur,  Eosauravus. 
Life  zone:  swamps.    Locomotor  habitus:  primitive  reptilian  type. 
Skull  of  Eosauravus  not  known,  but  skull  of  Lower  Permian  Sey- 

mouria  will  serve  to  represent  this  stage. 
Otic  notch  {between  tabular  and  squamosal  bones  well  developed). 
Temporal  region  imperforate,  with   separate   intertemporal   and 

supra  temporal  bones. 
Jaws  and  teeth  much  as  in  stage  8. 

(8)  Progressive  colylosaurian  reptile.    Example:  captorhinid  cotylosaurs  of 

the  Permian. 

Life  zone:  mostly  dry  land.  Locomotor  habitus:  primitive  rep- 
tilian type. 

Food  habits  ?insectivorous,  or  perhaps  feeding  on  crustaceans. 

Jaws  autostylic;  maxilla  and  dentary  much  as  in  stage  7. 

One  of  the  coronoid  and  one  of  the  splenial  series  lost. 


510  WILLIA3I    K.    GKEGOKY 

Temporal  region  with  imperfonite  bony  covering;  inter-  and  supra- 

temporal  bones  lost.    Otic  notch  lost. 
Palate  with  A-sbaped  brace  formed  by  ptei^-goids  and  quadrates. 
Ectopt£i>'goid5  forming  downwardly  projectiDg  guards  to  pre\'ent 

lateral  displacement  of  the  mandiUe. 
Teeth  losing  the  Iab>Tinthodont  structure,  generally  small  and  pef- 

like,  becoming  protothecodont. 
(9)  Primilite  pdycosaur  Hheromorph) ;  Permian.     Example:  MycteroMurus. 
Life  zone:  dr>-  land.    Locomotor  habitus:  primitive  Iizard-)ike  type. 
Food  habits  insectivorous  to  carnivorous. 
Skull  more  compressed,  vertically  deeper. 
Jaws  autostylic:  maxilla  and  dentary  becoming  larger,  dentary  with 

a  coronoid  process. 
Temporal  region  perforate,  a  temporal  opening  (the  lateral  temporal 

fenestra)  lying  below  the  postorbital-squamosal  arch  and  above 

the  jugal-squamosal  arch. 
Orbit  bounded  posteriorly  by  the  postorbital-jugal  bar;  zygomatic 

arch  (jugal-squamosal  arch)  homologous  with  that  of  mammals. 
Palate  braced  as  in  stage  8. 
Teeth  conical,  compressed,  thecodont,  often  differentiated  into 

incisors,  canines  and  a  postcanine  series. 

(10)  Early  Mammal-like  reptile.    Example:  Moschops  (a  specialized  side 

branch). 
Life  zone:  dry  land.    Locomotor  habitus:  somewhat  as  in  pelyco- 

saurs,  but  body  well  raised  off  the  ground  in  walking. 
Skull  deep  vertically. 
Jaws  autostylic, 

Coronoid  process  of  dentary  meeting  large  surangular. 
Temporal  region  much  as  in  stage  9. 

Teeth  in  two  successional  series,  an  outer  and  an  inner  one. 
Front  teeth  specialized  (in  Dinocephalia),  with  high  tip  and  very 

large  basal  swelling. 

(11)  IniermediaU  mammal4ike  reptUe.    Examples:  primitive  gorgonopsians 

of  the  Pennian  of  South  Africa, 
Food  habits  predatory. 

Ascending  coronoid  process  of  dentary  becoming  more  prominent. 
Teeth  compressed  recurved. 

Pterygoids  relatively  weaker,  quadrate  reduced  in  size. 
Temporal   opening   lying  below   postorbital-squamosal  arch  and 

above  jugal-squamosal  arch. 
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(12)  Advanced  tkerapstd  or  tkertodont.    Example:  cynodont  reptiles  of  the 

Triassic  of  South  Africa, 

Life  zone:  diy  land.  Locomotor  apparatus:  approaching  mono- 
treme  mammalian  type. 

Food  habits  predatory. 

Dentition  differentiated  into  indsors,  canines,  premolars  and  molars. 

Deciduous  and  permanent  series  as  in  mammals. 

Cheek  teeth  compressed,  incipiently  triconodont,  or  with  widely 
oval  ridged  upper  molars  articulating  with  subdrcular  lower 
molar  crowns. 

Each  tooth  supported  by  a  single  root. 

Dentary  the  predominant  element  of  the  lower  jaw;  post-dentary 
elements  (angular,  surangular,  articular  and  prearticular)  becom- 
ing much  reduced  in  size. 

Quadrate  small,  its  dorsal  process  received  into  a  deep  pocket  in 
the  squamosal. 

Ascending  ramus  or  coronoid  process  of  dentary  of  very  large  size, 
the  whole  dentary  bone  approaching  in  form  the  mammalian 
mandible,  but  the  mandibular  condyle  not  yet  developed. 

Temporal  region  essentially  mammal-like,  with  mammalian  tem- 
poral fossae;  zygomatic  arch  formed  by  squamosal  uid  jugal  and 
postorbital. 

Postglenoid  and  post-tympanic  processes  of  squamosal  developed. 

Maxilla  vertically  deepened,  in  broad  contact  above  with  nasals. 

A  secondary  palate,  of  submammalian  type. 

Pterygoids  weakened  posteriorly  and  barely  reaching  the  quadrates. 

(13)  Primitive  mammalian  stage.    Examplts:  Dromotkerium,  Microconodon; 

Upper  Triassic,  North  America. 

Food  habits  insectivorous. 

Skull  unknown,  but  probably  retaining  many  characters  from 
stage  12. 

Lower  jaw  with  small  condylar  process,  implying  the  establishment 
of  a  secondary  articulation  between  the  squamosal  and  the  den- 
tary; otherwise  ascending  ramus  of  dentary  much  as  in  stage  12. 
Post-dentary  elements  probably  reduced. 

(In  earlier  stages  the  quadrate  and  articular  bones  were  probably 
connected  more  or  less  directly  with  the  tympanic  membrane,  as 
they  are  in  recent  reptiles.  This  condition  per»sts  in  mnmmala 
where  the  quadrate  has  given  rise  to  the  incus  and  the  articular 
to  the  malleus.) 
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Teeth  diSemitiated  into  tncisois,  canines,  pretiMdais  ud  a 

Molar  crowns  compressed,  protodont,  with  hi^  ctntral  cn^  vsd 
anaO  anterior  and  posterior  cusps. 

Division  of  roots  into  anterior  and  posterior  moieties  tnace  or  las 
completely  effected. 
(14)  Pre-triluhercular  itage.     Example:  Ampkitherium,  of  the  ocder  Trb- 
tuberculata.  Lower  Jurassic,  England. 

Food  habits  insectivorous. 

Skull  not  known,  but  probably  without  postorbital  booc:  whh  aa 
elongate  facial  portion  slightly  deflected  upon  the  low  bniocase. 

Mandible  with  well  defined  pedunculate  condyle  and  distinct  utgo- 
lar  process,  the  latter  not  inflected;  inclination  of  coronoid  process 
to  body  of  dentary  Steepler;  coronoid  process  wide,  iccnnrcd 
above;  condyle  slightly  above  level  of  cheek  teeth;  manrfihU 
deeply  grooved  on  inner  side  for  reduced  Meckelian  cartilage  and 
inferior  dental  nerve  and  vessels. 

Dental  formula:  l\  C\  Vl  Mg. 

Cheek  teeth  supported  by  anterior  and  posterior  roots;  prcmolais 
with  simple,  compressed,  conical  crowns  and  incipient  talonids; 
molars  with  well  defined  trigonid  and  small  tatonids  on  inner 
surface  of  crown;  protoconids  asymmetrical,  the  metaconids 
directly  medial  to  the  protoconids. 

Upper  molars  of  Ampkitherium  not  known,  but,  from  evidence 
afforded  by  later  trituberculates,  they  must  have  been  triangular 
in  form,  separated  by  triangular  interdental  spaces;  apes  of  each 
molar  homologous  with  that  of  the  premolars,  as  shown  in  Pera- 
lesles  and  DryoUsles  of  the  Upper  Jurassic;  the  primary  apex, 
together  with  the  outer  border  of  the  crown,  forming  the  primary 
trigon. 
(IS)  Hypothetical  stage.  Undiscovered  ancestral  insectivorous  placentals 
("Bunotheria")  of  the  Cretaceous  period. 

Food  habits  insectivorous. 

Dental  formula:  I^  C{  P}  Ma, 

Premolars  retaining  the  primary  trigon,  but  posterior  upper  pre- 
molars with  small  internal  spur,  the  serial  homologue  of  the 
future  protocones. 

Upper  molars  triangular,  the  apex  of  the  primary  trigon  beginning 
to  divide  into  two  cusps,  the  para-  and  metacones.  Lower  inter- 
nal spurs  from  the  basal  cingulum  foreshadowing  the  future 
protocones. 
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Lower  molars  with  high  trigonids  fitting  into  interdental  spaces, 
and  small  talonids,  narrow  transversely,  and  bearing  entocontd 
only. 

The  zaiambdodont  insectivore  Palaoryctes  of  the  Paleocene  repre- 
sents a  structural  survivor  of  this  hypothetical  ancestral  group, 
which,  in  turn,  may  have  been  derived  from  the  lower  Jurassic 
trituberculates,  especially  Amphilherium,  by  the  reduction  in 
number  of  the  molars  from  six  to  three. 
(16)  Insectivorous  pre-pritnale.  Possibly  represented  by  Indrodon  of  the 
Paleocene.  Nolkodecles  is  a  side  branch  of  this  group,  with 
specialized  front  teeth. 

This  pre-primate  stock  is  represented  in  the  existing  fauna  by  the 
tree-shrews  (family  Tupaiids),  which  are  extremely  primitive 
in  many  characters. 

Life  zone:  arboreal.  Locomotor  apparatus:  adapted  for  active 
arboreal  life. 

Food  habits  insectivorous-frugivorous. 

Dental  formula  I;  Ci  Pj  M  f. 

Incisors,  canines  and  first  two  premolars  all  simple,  with  single 
roots,  conical  tips,  and  internal  cingulum.  In  p',  p*  the  internal 
cingulum  gives  rise  to  the  internal  spurs  ("deuterocones,"  homolo- 
gous with  "protocones"  of  molars).  In  pa,  p4  theposterior  cin- 
gulum gives  rise  to  the  talonids;  p*  and  p,  of  sub-molariform  type. 

In  this  stage  the  primary  trigon  of  the  upper  molar  has  lost  its 
triangular  appearance  through  the  division  of  its  apex  into  para- 
and  metacones  and  the  reduction  of  the  outer  side  of  the  crowns, 
including  the  external  cingulum  cusps.  The  secondary  trigon 
has  arisen  through  the  development  of  the  internal  spurs,  or 
protocones,  and  the  division  of  the  para-  and  metacones.  These 
changes  are  correlated  with  the  transverse  widening  of  the  tal- 
onids, the  development  of  a  hypoconid  and  its  interjection  between 
the  para-  and  metacones  in  occlusion,  and  with  the  further  expan- 
sion of  the  protocones;  the  talonid  basins  into  which  the  proto- 
cones fit  have  also  widened  and  are  wider  than  the  trigonids. 

Interdental  spaces  between  the  upper  molars  becoming  crowded  by 
the  spreading  of  the  protocones,  in  correlation  wiih  which  the 
paraconids  of  the  lower  molars  become  reduced. 
(!')  Primitive  lemuroid  stage,  represented  in  many  respects  by  Pdycodus 
and  Notharctus,    Eocene,  North  America. 

Life  zone:  arboreal.  Locomotor  apparatus  adapted  for  perching 
and  leaping  in  the  trees.    Pes  with  grasping  hallux. 
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Food  babiu  insccth'onMB-fn^ivoroos. 

Dental  fonoala:  If  €{  Pj  M| 

Incurs  and  fgniiu'«;  not  abenantK-  ^MdaHzcd.    Fnst  and  secood 

pmnobis  with  simple  conical  cosfis;  third  and  foorth  opper 

pTemolan  retaining  the  primitive  tiigonal  apex;  upper  mtJais 

tri- to  quadritubercnlar. 
In  the  Xotbarctidx  the  postero-mtemal  cusps  arise  by  nsnre  from 

the  antero-intemal  cusps,  bat  in  the  related  .\dapidae  they  aiise 

in  the  nonnal  manner  from  the  internal  cingulom. 
Lower  molais  tubcrculo-sectorial,  with  anall  trigonids  and  wide 

taloDids. 
SkuO  with  primitive  dongate  face,  not  shar{d%'  inclined  to  the  ba^ 

craniL 
Orbit  bounded  postcrioriy  b>'  postorbital  processes  of  frontal  and 

The  American  Notharctidae  are  possibly  ancxstial  to  the  South 
American  nionke>-s,  but  not  to  the  CMd  Worid  series,  including 
man.  Nevertheless  they  illustrate  the  traitsitioa  from  the  primi- 
tive menotyphlan  insectivorous  to  the  primitive  primate  stage. 
(18)  Primiiire  pro-tarsioid.  Represeuted  in  certain  characters  by  Omomyi 
and  Hemiacodon.  Middle  Eocene,  North  America- 
Life  zone:  arboreal.  Locomotor  ^^laratus  adapted  for  leaping  in 
the  trees,  but  limbs  not  excessively  elongate.  Pes  with  grasping 
hallux. 

Food  habits  insectivorous-fni^vorous. 

Dental  fonnula:  If  C\  Pf  M| 

SkuO  with  orbits,  braincase  and  and  auditory  parts  moderately 
but  not  extremely  enlarged. 

Lower  indsors  gently  procumbent,  not  enlarged.  Omomys  and 
Hemiacodon  somewhat  too  specialized  in  the  enlargement  of  the 
lower  central  incisors  and  other  details,  bat  in  the  gmeral  form 
of  the  premolais  and  molars  they  afford  relatively  primitive  a>n- 
ditions  for  two  divergent  lines  of  specialization  leading  on  the 
one  hand  to  the  New  World  series  (Platyrrhinx)  and  on  the  other 
hand  to  Parapiikecus  and  the  Old  World  group. 

First  upper  and  lower  premolars  already  eliminated  and  second 
becoming  very  small.  Third  and  fourth  upper  molars  showing 
tendency  to  become  bicuspid. 

Third  and  fourth  lower  premolar  with  posterior  cingulum-talonid 
in  an  arrested  stage  of  evolution,  incipient  trigonids  asymmetrical. 
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the  metaconid  of  p^  foreshadowing  the  lingual  cusp  of  the  homolo- 
gous tooth  in  the  higher  primates. 

Upper  molars  tritubercular,  with  conical  para-  and  metacones, 
small  proto-  and  metaconules,  a  dngulum-hypocone  and  an 
antero-internal  dngulura. 

Lower  molars  with  small  trigonids  and  enlarged  hypoconids.  An 
antero-extemal  cingulum. 

(19)  Progressive  larsioid.    Upper  Eocene.    Not  in  direct  line  but  repre- 

sented in  certain  characters  by  Necrolemur. 

Life  zone:  arboreal.  Locomotor  apparatus  adapted  for  leapmg  in 
the  trees.  Pes  with  grasping  halluic,  but  without  great  elonga- 
tion of  tarsus  of  known  tarsioids. 

The  differences  separating  Necrolemur  and  Microchterus  from  any 
of  the  New  World  or  Old  World  monkeys  are  numerous  and 
important,  and  there  is  no  evidence  for  deriving  any  of  the  higher 
types  directly  from  this  source.  Nevertheless  these  genera 
exhibit  certain  important  advances  in  the  direction  of  the  Old 
World  primates,  among  which  may  be  noted  the  development  of 
quadrate  upper  molars  with  subequal  anterior  and  posterior 
moieties;  the  development  of  hypoconulids  in  the  lower 
molars;  the  final  loss  of  the  paraconids  in  the  lower  molars; 
and  the  tendency  for  the  reduction  of  the  trigonid  basins,  the 
tendency  for  p*  and  p*  and  the  corresponding  lower  teeth  to 
become  bicuspid;  the  incipient  development  of  a  bony  postorbital 
partition;  the  lateral  expansion  of  the  base  of  the  braincase;  the 
development  of  a  tubular  external  auditory  meatus;  and  the 
tendency  for  the  angle  of  the  mandible  to  be  expanded  and  for 
its  posterior  border  to  become  very  large  and  rounded.  Thus 
Necrolemur  and  Microcfuerus  have  advanced  far  from  the  primi- 
tive tarsioid  type  and  indicate  some  of  the  structural  stages 
through  which  the  actual  ancestors  of  thd  Old  World  series  prob- 
ably passed. 

(20)  Pre-catarrhint,  or  super-tar sioid  stage.    Represented  by  Parapilhecus 

of  the  Lower  Oligocene  of  Egypt. 

Food  habits  insectivorous-frugivorous. 

Dental  formula:  \\  C\  ¥\  M\ 

Lower  incisors  partly  procumbent,  not  S[>ecialized. 

Lower  canine  small,  shghtly  larger  than  incisors  and  anterior  pre- 
molars. 
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p',  p^  and  Pi,  pj,  lost;  p',  p*  and  p»,  p(,  retained,  the  latter  incipi- 
ently  bicuspid.  Posterior  premolars  becoming  unlike  raolars, 
losing  the  incipiently  molariform  pattern  of  earlier  mammals. 

Lower  molars  with  low,  conical. cusps,  the  talonid  about  as  high  as 
the  trigonid.  Paraconids  lost,  the  four  remaining  cusps  grouped 
into  two  pairs.    Hypoconulids  or  mesoconids  present. 

The  construction  of  the  lower  molars  indicates  that  the  upper  molars 
were  quadrate,  with  the  anterior  and  posterior  cusps  arranged 
in  two  pairs. 

Body  of  mandible  and  ascending  ramus  not  so  broad  as  in  later 
members  of  the  anthropoid-man  series. 

Skull  unknown. 

The  direct  derivation  of  Parapithecus  and  the  Old  World  series  not 
known.  The  tarsioids  foreshadow  them  in  certain  respects,  such 
as  the  loss  of  the  anterior  two  premolars,  but  all  known  tarsioids 
are  excluded  from  direct  ancestry  by  specialization  of  the  front 
teeth,  of  the  orbits,  and  of  the  lacrymal  region.  Nevertheless 
it  is  probable  that  the  unknown  predecessors  of  Parapithecus 
might  be  included  in  a  widened  definition  of  the  Tarsioidea. 

(21)  Primitive  anthropoid  stage.    Represented  by  Propfiop'tthecus  of  the 

Lower  Oligocene  of  Egypt. 
Food  habits  frugivorous-omnivorous. 
Dental  formula:  I|  C\  P|  M| 
Incisors  not  specialized;  canines  considerably  larger  than  incisors, 

but  crown  of  lower  canine  not  very  high. 
Premolars  bicuspid;  molars  with  four  main  cusps  arranged  in  two 

.pairs;  hypoconulids  median. 
The  dentition  of  Profdiopilhectis  is  structurally  ancestral  to  that  of 

all  the  higher  apes  and  man,  as  noted  by  its  discoverer,  Schlosser, 

(22)  Advanced  pre-human  anthropoid.    Middle  Tertiary.    Represented  by 

Si\apithccus  and  DryopUhecus.     Miocene  of  India  and  Europe. 
Food  habits  frugivorous-omnivorous. 
Dental  formula:  U  C]  Pi  Ms 
Lower  incisors"  with  crowns  not  widely  expanded. 
Lower  canine  with  pointed,  erect  tip. 
Lower  anterior  premolar  with  slightly   flattened    anteroextemal 

face,  articulating  with  large  upper  canine.     Posterior  premolars 

bicuspid. 
Lower  molars  with  four  main  cusps  arranged  in  two  pairs;  stout 

median  hypoconulids. 
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Lower  molars  with  "Dryofntkecus  pattern;"  paraconids  absent;  tri- 
gonid  basins  reduced,  talonid  basins  expanded.  Upper  molars 
m'  and  m'  quadritubercular. 
(23)  Human  precursors.  Pliocene.  Pithecanthropus  of  the  Pliocene  or 
Lower  Pleistocene  (?)  of  Java  possibly  a  representative.  Skull 
top  of  very  low  type,  much  like  a  greatly  enlarged  gibbon  skull. 

Forehead  extremely  low  and  retreating,  supraorbital  tori  protruding 
far  in  front  of  narrow  frontal  region. 

Two  upper  molars  found  in  same  stratum  but  further  down  stream 
and  referred  to  individual  represented  by  skuUtop. 
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Third  upper  molars  very  large,  of  advanced  anthropoid  or  primi- 
tive human  type. 

Large  femur  found  in  same  stratum  supposed  to  indicate  erect  gait. 
(24)  Heiddberg  race.    Lower  or  Mid-Pleistocene,  Europe. 

Mandible  of  great  size,  with  very  massive  body,  very  broad  ascend- 
ing ramus  and  backwardly-sloping  chin.  Denlilion  of  primitive 
human  type  with  tips  of  incisors  and  small  canines  on  same  level 
with  premolars  and  molars. 

Molar-cusp  formula:  b.  b.  s 

Molars  moderately  taurodont. 

Skull  probably  of  pre- Neanderthal  type. 


346.  Stage  3.  Primitive  DevoniaD  ctossopterygum  fish,  Osleolepis.    After  Goodrich. 

347.  Stage  T.  Primitive  Penniao  cotylosaurian  reptile,  Seymouria.     After  Williitcn. 

348.  Stage  9.  Primitive  Permian  pelycosaurian  reptile,  Mycterosaurus.  After  WUUstOD. 

349.  Stage  12.  Advanced  Triassic  mammal-like  reptile,  IcIidopHs. 

350.  Stage  13  bis.     Primitive  metatherian  (here  represented  by  s  modern  opoaium). 
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351.  Stage  IT.  Primitive  Eocene  lemuroid,  Noikarclus. 

351.  Stage  20.  Primitive  catairhine  (here  represented  by  ft  modern  macaque). 

353.  Stage  26.  Modem  man,  Homo  sapieni  (Chineae) 
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(2Si  tax  hmman  type.     Fiampte:  the  "Mousurian  Tooth." 

SkoD  lai^,  with  very  low  forehead.  doticfao_  with  gieat  sipnu>Ti>i- 
tal  tori,  znd  \-KTy  larze  prognarhooB  ace.  with  enonnoos  [^t>T- 
rfaine  nose.  Chin  rctnatio^  SkoQ  narrow  antetioih-  and  l»oad 
pflsterioriy. 

Incisors  with  erfge-to-«ige  bite. 

>fotar  teeth  moderately  tannxloot.    Pranobr-  and  molar-crowii 
pattcToa  retamin^  many  qmian  or  priiniti\'e  details.     Second 
lower  molan  with  dve  cnspe  and  Dryo^kecas-patteru.    Second 
upper  molar  with  four  cusps,  projecting  h>-pocoDe. 
126}  Bifk  human  type.     F.ample:  Bama  sapiens  wrdiciu. 

Skull  with  :Irep  forehead,  secondarily  i?>  dolkho.,  with  no  supra- 
orbital tori 

Face  orthognathouSr  long,  with  deficale.  straight,  narrow  nose. 
Chin  prominenL    Indsor  o^-erbite, 

llolar  teeth  5hort-<:rowned.  Second  lower  molar  with  four  cusps 
and  +-sliaped  pattern.  Second  upper  molar  with  three  cusps, 
tc.,  h\'pocone  greatly  reduced  or  absent.  Third  upper  and 
lower  molars  greatly  dela>'ed  in  eruption,  often  failing  to  erupt 
atalL 
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dentition  of  native  of  Neir  Britain,  447, 
452;  Krapba  palate,  451;  Krapina  m*, 
455;  molars  of  modem  man,  475;  rela- 
tionships of  man  and  other  primates, 
393;  taurodont  molaia  in  Neanderthal 
man,  442. 

AiND,  491. 

Aix-Bladoer  in  crossopterygians,  9. 

Allen:  skulls  olCoioiuj  loaned  by,  2fl/. 

Allodon,  42. 

Allometric  Changes,  426. 

Alouatta,  220,  224,  235,  pb.  8-11,  Part 
III;  sp.,  21S,  226;  btdiebul,  210. 

.\lpines,  479,  492 

ALnsoios,  493. 

AkiBLOTHESitiM,  48,  49,  54,  61;  dental  for- 
mula of,  49;  dentition  and  lower  jaw  of, 
85. 

AmegeINO:  Anthropops,  216;  Eudiaslalul, 
215,  216;  HomuHcuius,  214,  215;  origin 
of  Old  World  primates,  235. 


Amerinds,  495,  497, 

Ahia,  9. 

AuFHiBU,  tadpole  stage  of  modem,  80, 
functional  gills  retained  by,  10. 

Aupoibian  stage  of  human  evolution,  509, 

Amphilestes,  via,  32,  33,  34,  4S,  83. 

AuPHioxi's,  3, 

Ahphithebiid^,  35,  48. 

AuPHiTHEKKJU,  31,  35,  36,  37,  38,  39,  47, 
SO,  39,  62,  63,  85,  98,  149,  299,  506,  512; 
dental  formula  of,  35,  49;  dentition  of, 
83;  primitive  characters  of,  61;  -like 
mammals,  407. 

A.vAPTOMORPHUs,  192,  I9S;  dentition  of, 
198;  direct  ancestor  of  man,  411. 

Anchououys,  179,  212,  213;  dentition  of, 
200;  gaillardi,  201 ;  quercyi,  202. 

Anderson;  photographs  of  recent  Lorisi- 
djB,  171,  177;  Piltdown  canine,  358. 

Andrews:  zoOgeograpbic  relations  of  Eu- 
rope, Asia,  and  Africa,  316. 

Anouodo.ntb,  loss  of  teeth  of,  15. 

Anthony;  arboreal  ancestry  of  man,  423. 

Antbropodus,  339;  generic  definition  of, 
339. 

Antbhopoid  stage  of  human  evolution, 
516;  prehuman  stage  oE  human  evolu- 
tion, 516. 

Anthropoids,  407;  auditory  osdcles  of, 
403 ;  cranium  of,  400;  deciduous  teeth  of, 
382, 383,  384;  emption  of  deciduous  and 
permanent  (eeth  of,  384;  dental  arches 
of,  J72-37i,  384;  dental  characters  of, 
369;  dental  formula  of,  369;  fossa  suhar- 
cuata  of,  404;  internal  carotid  artery  of, 
404;  lacrymal  bone  of,  403;  locomotor 
apparatus  of,  404,  414;  lower  jaw  of, 
415;  mimetic  muscles  of,  40^;  nasal 
chamber  of,  401;  occlusion  in,  370,  371; 
origin  of,  302;  relationships  of,  368, 
386, 391, 401;  upper  molars  of,  J7d 
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s,  215,  Zi6. 

AoTos  {"Syclipitkecus"),  214,  217,  220, 
222,  223,  228,  235,  pis.  8-13,  Part  HI. 

Afhanoleuub,  ZZl . 

Apidioii,  ZS7, 288, 298. 299, 362;  described, 
286. 

Apteenodus,  105, 107,  pi.  5,  Part  III. 

Ababs,  491, 493. 

Abc&vEolehus,  115, 144. 

Abch£Oleuubu>£,  U3;  bilophodoot  up- 
per molars  of,  154. 

Arciocebcs,  171, 173, 175,  l77,  178. 

Abuenians,  492. 

Ateles,  222,  233,  235,  pis.  8-11,  Part  III. 

Atavistic  variations,  462,  468. 

AoDiTOKY  Ossicles  of  mammal-like  rep- 
tiles, ZO;  origin  of,  18. 

AtraTRALiAM  female  skull,  488. 

At;sTRALUNS,  483. 

AVAHIS,  147. 

Aye-Ave,  14S. 

AzouLAv:  racial  characters  of  suriace  of 
incisors,  478.  - 

gALZAC'S  version  of  Cuviei's  principle 
of  correlation,  395. 

Bandicoots,  72. 

Beaeebuak£x  type,  493. 

Beaveb,  76,  77. 

Bedodin  female,  skull  and  mandible  of, 
490;  pi.  14,  Part  V. 

Bedouins,  491. 

Bellv  Rives  formation,  specimen  from, 
61. 

BenSLEV:  adaptive  radiation  of  marsu- 
pials, 68,  87;  diprotodonts  more  ad' 
vanced  than  primitive  polyprotodonts, 
74;  PeramelidiB,  74;  Phascolarctos,  75. 

Berbess,  488. 

Bettongia,  70,  pi.  4,  Part  I.^ 

BiLOFHODONT  molais,  75. 

Biogenetic  law,  398, 461, 469;  critique  of, 
462. 

ButEENiA,  4,  506. 

de  Blainville:  "narines  aoignfies,"  "na- 
rines  rapprochies,"  232;  Symphalangia, 
305. 

Blood  relationships,  397. 


Bluntscbu:  Anlhropops  identical  with 
Bomunculus,  215;  Eudiaslalus  not  a 
primate,  215,  216. 

Bole:  concrescence  theoiy,  463;  Hapali- 
dx,  227,  231;  jaw  of  the  ^amang,  307, 
315;  fourth  molar  of  primates,  233; 
origin  of  mammalian  teeth,  33;  origin  of 
man,  232,  236;  origin  of  multituberculale 
dentition,  29;  "paramolars"  in  man,  467. 

BOXHV.ENID.E,  69,  71. 

BoKitEBV  type,  493. 

BoTHKtOLEPlS,  3. 

Bodle:  arboreal  ancestry  of  man,  423; 
descriplior  of  ChapeUe-aux-Saints  re- 
mains, 442;  Neanderthal  sLuU,  443; 
orii^inof  man,  411. 

BRACHVCEPHALy,  472. 

BsACHYTELES,  2l7,  222,  235,  pis.  8-11, 
Part  III. 

Bkanco:  Dryopilhecus  rktHaaus,  333,  338, 
339;  D.  fantani,  335;  "inward  displace- 
ment of  the  mesoconid"  in  Dryopitheau, 
329;  lower  jaws  of  Dryopilhecus,  328. 

Brtdoss  beds  of  Wyoming,  tarsioids  found 
in,  189;  specimens  figured,  189, 190, 191, 
193, 198, 199,  pi.  7,  Part  II,  218,219, 221. 

Bboou:  deciduous  and  permanent  teeth 
in  cynodonts,  16,  17;  Diademodon,  16; 
Karoomys,  Z7;  origin  of  auditory  ossicles, 
18;  TfUyiodim,  40. 

Bs«nn-Pbedmost,  481. 

Bsyant:  Euslhcnofleron,  8, 9. 

CACAJAO,  225,  235,  pis.  8-11,  Part  HI. 

Calamoichthys,  9. 

Calucebus  {"Callilhrix"),  214,  217,  220, 

222,  223,  235,  pla.  8-13,  Part  lU;  tritu- 

bercular  molars  of,  225. 
Canines,  deciduous,  of  anthropoids, 381; 

deciduous,  of  Mousterian  youth,   473; 

evolution  of,  446;  indsiform,  146;  loner, 

of   Mousterian   youth,   450;   origin   of 

human,  465;  sabre-like  in  modem  Kib- 

boiis.315. 
Captoehinids,  80. 
Captokhinus,  13,  506,  518. 
Cababelu  Cusp,  476,  480;  in  Mousteri&n 

youth,  454. 


Cabnivobous  foims  of  primitive  reptiles, 

12,  14. 
Castor,  76,  77. 
Catakkrin£,  114,  519;  dental  formula  of, 

2S1;    homologies    of    molars   in,    233; 

origin  of,  279,  283,  361;  primitive,  407. 
Caucasian  race,  479,  492. 
CxamM,  114,  pb.  8-13,  Part  lU;  adaptive 

radiation  of,  222;  diet  of,  224;  hypocones 

of.  220. 
Cebocrcebos,  288. 
Cebhs,  222,  223,  235,  281,  pis.  8-13,  Part 

nr. 

Centetes,  I01;p'-.  5,  figs.  A-D. 


CEBCOPiTHECiDg,  114,  290, 298;  origin  of, 

289, 
Cercopithecine  monkeys,  290,  Z96,  297, 

300,301. 

ceve.nole,  493. 

Chance  of  Function,  395,  419,  503. 

Chiavaro:  man  a  "Dtiplicidentatus,"  469. 

Chimpanzee,  333,  338.  344.  345.  352.  402, 
422;  auditory  ossicles  of,  404;  dental 
arches  of,  372, 374;  dentition  of,  343;  eye 
of,  403;  nasal  chainber  of,  401 ;  occlu^on 
in,  310,  pi.  14,  Part  V;  onxlusion  of  de- 
ciduous teeth  in,  JT/;  relationship  of  with 
gorilla,  350;  relationship  of  with  man, 
398;  skull  of,  399.  403. 

Ckin,  lack  of  in  protodonts,  24;  lack  of  in 
Heidelberg  jaw,  459;  origin  of,  474. 

Chirocale,  i;^,  124, 179. 

Chirogaleos,  112,  124,  179. 

CHaOMys,  146,  148,  155. 


Chrysdchloris,  107;  tritubercular  molar 
of,  60. 

CHRVSOnHRIx(Saimiri),203,222,223,  235. 
CniOLESTIDf,  64. 

CiNauLini,  basal,  464;  basal,  in  Dryolesles, 
104;  basal  in  triconodonts,  32;  external, 
cusps  of,  68;  external,  in  Notharetidi, 
125;  external,  in  Palaorytlcs,  105;  in- 
ternal, in  Notharctidx,  125. 

Cudoselache,  5,  508. 

Cldiatius,  508. 

Coal  KiEASUSES  reptiles  and  amphibians, 
labyrintbodont  teeth  of,  10;  stegocephs 
of,  12. 


CoLosns,  290, 291, 293, 295. 

Concrescence  in  Dipnoi,  9;  in  elasmo- 
branchs,  112,  151;  theory  of,  112,  458, 
461,462. 

CoNDiOARia,  primitive  Eocene,  pi.  5, 
Part  II. 

Convergence,  393,  412,  446,  470;  in  the 
Aye-aye,  149;  resemblances  in  anthro- 
poids and  man  due  to,  386. 

Cooper;  Microdurrus,  Necrolemur,  211; 
successors  of  Pakcomastodon  in  Baluch- 
btan, 317. 

Cope:  Anaptomorphus,  192,  411,  412; 
Carabelli  cusp,  454,  476;  dentition  of 
Eskimo,  479;  Eocene  tardoids  of  North 
America,  187;  mammals  of  the  Upper 
Cretaceous,  63;  molar-cusp  formula,  475; 
origin  of  man,  393;    theory  of  trituber- 

CorvLOSAiTRiA,  12,  51S;  dermal  roof  of 
skull  of,  12;  occipital  condyle  of,  80; 
temporal  region  of,  12. 

COTYLOSAUHIAN  stage  of  human  evolution, 
509. 

Creodonis,  111. 

Crista  Obliqua,  107, 128. 

Cro-Macnon  man,  481;  relationships  of, 
424. 

Crossopterygian  ganoids,  8,  518;  "air- 
bladder"  of,  9;  origin  of,  79;  stage  of 
human  evolution,  508, 509. 

CEticiFOKM  pattern,  379,  429,  456,  475, 
480,  481,  526,  529. 

CCSP-ROTATION  hypothesis,  viU,  45, 47, 48, 
61,  84,  85,  103, 104. 

Cuvier's  principle  of  correlation,  Balzac's 
version  of,  395. 

CVNOCEPflALUS,  341, 

CVNOiKiNT  stage  of  human  evcJution,  511. 

CvNODONTS,  deciduous  and  permanent 
teeth  of,  16,  22;  dental  formula  of,  26; 
dentition  of,  17,  21,  82;  jaw  muscles  of, 
82;  lower  jaw  of,  18,  22,  82;  mammaliin 
characters  of,  23;  origin  of  molars  of,  17; 
reduced  quadrate  of,  18;  replacing 
teeth  of,  16;  skull  of,  17;  submammaiian 
dentition  and  jaws  of,  16;  submammalian 
diaphragm  of,  15;  tympanic  membrane 
of,  18.82;zygomaticarchof,  17. 


1~)ARWIN:  mimetic  muscles  of  anthro- 
poids, 403;  origin  of  man,  391,  392, 
396,  406,  499,  503. 

DASYmiD£,  69. 

Dasvurus,  pi.  2,  Part  I. 

Dawson:  human  remains  at  Piltdown 
discovered  by,  350. 

Dean:  Ciadosdaclte,  5. 

Deciduoi's  canines,  of  anthropoids,  38t; 
incisors  of  anthropoids  and  man,  384; 
molars  of  anthropoids,  381;  premolars 
of  anthropoids,  381;  teeth  of  anthropoids 
and  man,  3S2,  3S3;  teeth,  eruption  of, 
in  anthropoids,  384;  teeth  in  Mousterian 
youth,  450;  teeth  in  occlusion  in  anthro- 
poids and  man,  371;  teeth  rare  in  extinct 
anthropoids,  381;  and  permanent  teeth 
in  dinocephalians,  17;  and  permanent 
teeth,  evolution  of,  469;  and  permanent 
teeth,  homologies  of,  233;  and  perma- 
nent teeth  in  mammal-like  reptiles,  pi.  1, 
Part  I;  and  permanent  teeth,  relation 
of,  469;  and  permanent  teeth  in  South 
African  Permian  reptiles,  pi.  1,  Part  I; 
and  permanent  teeth  in  triconodonts,  38. 

Deltathebium,  100, 

De.viker:  anatomy  of  a  fcetal  gorilla,  501; 
Berbers,  488;  classification  of  Homini- 
da;,  479;  classification  of  mongoloids, 
494;  Ethiopians,  487;  fossa  subarcuata 
in  fcetal  goriUa  sltuU,  404;  Mediter- 
raneans, 491;  Pre-Dravidian  race,  483. 

Denial  arches,  of  anthropoids,  384;  of 
anthropoids  and  man,  372-375;  breadth 
of,  related  to  breadth  of  braincase,  472; 
evolution  of  human,  420,  421,  447; 
lower,  of  man.  385, 466. 

"Denial  Fauilv,"    151,  463. 

Dental  lamina,  origin  of,  78;  of  sharks,  4. 

Dentition,  aberrant  types  ot,  among 
polyprotodonts,  pi.  3,  Part  I;  adaptive 
radiation  of,  in  lemurs,  143;  carnivorous, 
of  DimclTodon,  14;  of  cynodonts,  17,  21, 
22;  of  dinocephalian?,  15;  of  Dipnoi,  79; 
early  stages  ot  human,  ftirt  I;  evolution 


of  human,  459;  of  Erapina  man,  457; 
of  multituberculates,  27;  original  ground 
plan  of  human,  444;  of  primitivemam- 
mals,  35;  racial  characters  of,  476. 

Dermockahiuu,  origin  of,  78. 

DEnTEBOCONE,  origin  of,  104. 

Devonian  sharks,  4;  ganoids,  6;  stego- 
cephs,  10. 

Dudemodon,  16,  IS,  22,  26,  82. 

Diaphsagu,  origin  of,  15. 

Diastehata,  1os3  of,  466. 

Dichocynodo.n,  60. 

DlDELPHID^  69. 

DiDELpms,  64. 

DiDELPHODOS,  101,  104,  105,  lOS,  109,  pi. 
5,  Part  11, 

DlDELPHOPS,  66. 
DiHETBODON,  14. 

Dinabic  race,  493. 

DiNOCEPSAUA,  dentition  of,  15;  dedduous 

and  permanent  teeth  of,  17. 
DlPLOCYNODON,  27,  86. 
DiPLOCVNODONTiDf,  59;  occlu^on  in,  59. 
Dipnoi,  concrescence  in,  9;  dentition  of, 

79;  lungs  of,  79. 
Diprotodontia,  74;  molars  of,  75;  origin 

of,  74. 
Dolicbocephaly,  472. 
Dolichopithecus,  288,  290,  299. 
Dollo:  diprotodonts  more  advanced  than 

primitive  polj^rotodonts,  74, 
Doban:  audiiory  ossicles  of  chimpanxee, 

404. 
Dbavidians,  483. 
Dbouoihebiid£,  23. 
Dbomothebiuu,  23,  24,  25,  26,  27,  34, 

506,511. 
Dhvolestes,  52,  54,  SS,  56, 60,  66,  67,  74, 

86,  104,  pi.  5,  Part  11. 
Dhyopithecus,  502-506,  516;  dentition 

of,  327;  lower  jaw  of,  419;  pattern  of 

molars,  379, 381, 409, 426, 429, 481. 
,  chinjien$is,  330,  366,  378,  379;  type 

of,  330. 

,  darwini,  365;  type  ot,  333. 

.fonlatti,  329,   366,  405,  420;  lower 

jatf-s  ot,  334;   emporal  muscles  of.  337. 
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DBVOPiTHEcnSj/raaii,  329. 

,  gi'janteui,  332, 364, 366;  type  of,  332. 

.  punMicus.  330,  33t,  338,  359.  366, 

37tf,  451;  type  of,  331. 
,fktnanus,  333,  33S,  340,  366,  376. 

457;  defined,  337. 
Duckwobtb:     alimentary    canal    of  the 

gorilla,  398;  brains  of  chimpanzees  and 

guriras,  398;  muscular  system  of  gorilla, 

405. 

EASTERN  European  (Deniker),  4W. 

EcTOLOPB,  origin  of,  110, 

Edoe-to-Edce  bite,  425,  473    . 

ECERKtNCEH,  SwitMrland.  fos.'il  tarsioids 
found  in.  202.  205. 

EcvmANS,   4S7. 

Elasuobbanchs,  concrescence  in,  112, 151. 

Elliot:  Cebida;,  pis.  8-13,  Part  III; 
Cebus,  281;  chimpanzee,  344,  345; 
Galagidic.  181-184;  gibbons,  310-313; 
gorilla,  346;  HapalidK.  pis.  12,  13,  Part 
III;  Hemigalago,  180;  Lasiopyga,  282; 
Lorisida;,  171-177;  HyclUtbus.  170; 
Pseudogorilla,  348,  349;  semnopithecine 
skulls,  292-295.  300;  Stmia.  320, 

Endockakiuu  of  sharks,  ^. 

Endoskeleton,  origin  of,  78;  of  primitive 
sharks,  4. 

Entoconid,  107, 130;  origin  of,  37, 84. 

Eniouolesies,  IIS. 

EOANTHBOPUS,  350, 351, 356, 481. 

EoDELPnis,  64;  dental  formula  of,  64. 

Eosahhavus.  506,  509. 

Eritption  of  deciduous  teeth  of  anthro- 
poids, 384;  racial  differences  in,  476. 

Eryops,  II. 

Ehythbocebus,  298,  300. 

Eskimo,  495,  496;  racial  characters  of 
dentition,  479. 

EsKUO  female,  496. 

Ethiopians,  487, 

eudiastatus,  215,216. 

ECSTHEHOPTEBOy,  7,  S.  0.  506.  509 
Evolution  of  bony  face,  169;  convergent, 
76, 155, 469;  divergent,  469;  of  dentition, 
78;  homoplastic,  412;  of  human  canines, 


446;  of  human  denUl  arch,  420.  421, 
447;  of  human  dentition,  459;  of  human 
incisors,  444;  of  human  jaw,  41S,  419, 
420;  of  human  pre-molars,  450;  of  human 
upper  molars,  453;  irreversibility  of,  336, 
394,  503;  "law  of  polyphyletic,"  393; 
of  locomotor  apparatus,  79,  406;  non- 
correlative,  368,  395;  of  occlusion,  422; 
orthogenetic,  419;  parallel,  115.  119, 
393,  412,  469;  rate  of,  394;  of  verte- 
brates, 2,  78. 

fACE,  evolution  of  bony,  168;  shortening 
of  in  primates,  146. . 

Falco.veb:  MicroUiles, 29. 

Fayum,  Egypt,  specimens  found  in.  2S5, 
287.  288.  302,  305,  329.  418. 

Ferber;  fusion  of  premaiilla  with  max- 
iUa,  461. 

Finns,  494. 

Fishes  of  the  PaUeozoic,  3. 

Five-Toed  hands  and  feet,  origin  of,  10. 

Fai're  and  Jakes:  Mediterraneans,  491. 

Fovea,  anterior  and  posterior  of  anthro- 
poids, 378;  of  Dryopithecvs  rkenanus, 
366;  of  Krapina  man,  458;  of  Neopith- 
ecus,  367. 

Fuitrooi-GRENELLE,  493. 

QALAGO  aileni,   181-184. 

crassUaiidalus,  181-184, 186, 208. 

eteganliilus,  I8I-IS4,  185. 

Galacos,  114,  180;  characters  of,  169; 
origin  and  relationships  of,  234. 

Galley  Hill,  England,  481, 

Galley  Hill  skull  and  jaw,  443,  481. 

Galtchas,  492. 

GANOins,  attinopterygian,  6,  79;  crossop- 
lerygian,  9,  79;  Devonian,  6;  primary 
jaw  of,  6;  secondary  jawof,6;teetho[,6. 

Gaudrv;  dental  arcfaes  of  Grimaldi.  New 
Britain  and  modem  French  skulls.  484, 
485;  lower  jaws  of  Dryopithecus,  328, 
334;  lower  jaw  of  D.  ]ontani,  405;  Neo- 
pilhecu!,  339;  origin  of  man,  392;  lower 
jaw  of  Tasmanian  youth,  405. 
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Gaupf:  mammalian  joint  between  skull 
and  lower  jaw,  18. 

G£tKi£ ;  Heidelberg  jaw  assigned  to  Lower 
Pleistocene,  428. 

Gibbons,  363;  cranial  and  dental  charac- 
ters of  modem,  309;  dental  arches  of, 
372,  374;  occtusioD  in,  S7Q;  occlusion  in 
deciduous  dentition  of,  J7/,-  relation- 
ships of,  424. 

Gidley;  "cusfi-rotation"  bypotbeds,  103; 
DUrocynodon,  59,  60;  Hapalids,  229; 
homology  and  origin  of  protocone,  56; 
mammals  of  the  Upper  Cretaceous,  63; 
origin  of  primates,  100;  Pediomys,  65; 
Plagiaulax,  41;  protocone,  origin  of,  ix; 
protocone  in  zalambdodonl  insectivores, 
105. 

GNATHOSTOtCE  stage  of  human  evolution, 
508. 

GOHPHOGNATHVS,  18. 

Goodrich:  AmphiJtsies,33;Aniphiiherium, 
35,  36;  Phmcololherium,  33;  Stonesfield 
Slate  mammals,  31. 

GOftGONOFSlA,  16. 

Gokjanovic-Kraiib£RG£r:  Homo  nean- 
itrthalensis,  molars  of,  376;  Krapina 
dentition,  463,  465;  Krapina  man 
described,  457;  Krapina  molars,  443, 
455;  theory  of  concrescence,  458. 

Gorilla,  400,  408,  4ZZ;  denta!  arches  of, 
3?3,  375;  description  of  skull  and  denti- 
tion of,  347;  ear  of,  403;  "habitus"  and 
"heritage"  shown  in  skull  of,  417;  mi- 
metic muscles  of,  403;  muscular  system 
of,  405;  nasal  chamber  of,  401 ;  occlusion 
in,  370;  occlusion  in  deciduous  dentition 
of,  371;  relationship  of,  with  chimpanzee, 
350;  relationship  of,  with  man,  401; 
sagittal  section  of  head  of,  410;  sp., 
330,  331,  354;  sub-human  foot  of.  408. 

Grandidier;  European  Eocene  tarsioids, 
202;  Pronyciictbus,  179,  202,  203. 

Gbanc£k:  American  \Iuseum  explora- 
tions, 120;  Meniicolheriiim,  110;  no 
fourth  molatineariy  placental  mammals, 
234;  Phenacodus,  110;  Shoshonius,  194. 

Gkangek  end  Grecorv:  Aphanolemiir, 
221. 


Grant:  Borreby  type  allied  to  Adriatic 
type,  493;  Meditetraneans,  491 ;  Nordics, 
492;  Proto-Nordics,  491. 

Gray  Boll  beds,  194,  195,  196,  pi.  7, 
Partn. 

Greeks,  493. 

Grecorv:  anthropoids  and  man,  internal 
carotid  artery  of,  404;  auditory  ossdes, 
origin  of,  18;  chimpanzee,  dentition  of, 
described,  327;  Dryopilhecui,  dentition 
of,  described,  327;  gibbons,  modem, 
cranial  and  dental  characters  of,  de- 
scribed, 309;  gorilla,  skull  and  dentition 
of,  347;  Hominids  and  Simiidx,  phy- 
togeny of,  361;  Lemuridx  derived  from 
Adapidx,  139;  lemuroids,  relations  of, 
with  higher  primates,  115;  Lower  Eocene 
Adapidx  still  primitive,  tarsioids  q>e- 
cialized,  217;  man,  evolution  of  skulland 
dental  characters  of,  420;  multituber- 
culate  dentition,  origin  of,  29;  Ntopith- 
ecus,  338;  Notbarctidz  and  Adapidie, 
common  origin  of,  135;  Palaopithecus, 
340;  Parapilhecus,  dental  formula  of, 
283;  Perakslts,  59;  Peramela,  72;  Pilt- 
down  problem,  351;  Platyrrhiwe,  origin 
of,  220;  Pliapilhecas,  dentition  and  re- 
lationships of,  304;  primates,  primitive 
arboricolous,  406;  primates,  hallux  of, 
409;  protocone,  origin  of,  ix;  protocone 
problem,  rewew  of,  104;  Siwalik  primates, 
317;  SiM^VAecui,  dentition  of,  described, 
327, 

Groialdi  man,  dental  arches  oi,  4S4,  4SS. 

Griphopithecus,  338. 

"Crodnd  apes,"  411. 

"Ground  plan"  of  human  dentition,  446. 

"PJABITUS"   and  "heritage,"  503;  in 
gorilla  and  Australian   native,   417; 

in  lemurs,  143,  154;  in  Phascahmys,  76, 

77;  in  Platyrrhinz,  236;  in  p  cudohorses, 

386;  in  skull  of  man,  4/7. 
Haddon:  classification  of  Homjnide,  479; 

classification  of  mongoloids,  494,  495; 

Pre -Dra vidian  race,  483. 
Haeckel:  lower  jaws  of  anthropoids  and 

man,  415;  origin  of  man,  392. 
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Hallux  of  primates,  409. 

Haplocoitos,  IOS. 

Raplouylds,  120, 

Hapaudx,  114,  468,  pis.  12,  13,  Part  III; 
hypocones  of,  Z20;  origin  of,  229; 
origin  and  relationships  of,  235;  skull  of, 
228;  skull  and  skeletal  characters  of, 
231;  taxonomic  position  and  relation- 
ships of,  227. 

Hakl£:  lower  jan-s  ol  Dryopithecuf,  328, 
334. 

Habris:  photographs  of  Mousterian  youth, 
444. 

Heidelberg  man.     See  Homo. 

Heidelbebg  tace,  517. 

Heluian:  dental  arch  of  Talgai  man,  385; 
edge-to-edge  bite,  overbite,  473;  Piltdown 
canine,  xv;  relations  of  teeth  to  develop- 
mental conditions,  469;  variability  in 
dental  arches  of  anthropoids,  473;  vari- 
ability in  dental  arches  of  orangs,  320, 
325,364. 

Hemigalaco,  IIZ,  ISO,  ISt,  182, 183, 184, 
185. 

Heuiacodoh,  190,  191,  204;  dentitioa  of, 
191. 

Henshaw:  skulls  of  Necrohmur  and  Cai- 
ago  from  Peabody  Museum  loaned  by, 
208,^)9. 

Hekbivorous  types,  71,  87,  94,  107. 

HnaDOO,  skull  and  mandible  of,  4fP;  skulls 
in  the  American  Museum,  483. 

HiPPABiON  fauna,  316. 

HlTTITES,  493. 

HorruAN:  Fliopithecus  aniiquus,  376;  Pli- 
opithecuf  a  gibbon,  306. 

HouALODOTHERiuu,  loss  of  diastemats  in, 
466. 

HoHiNiDX,  114;  conspectus  of  species  and 
chief  races  of,  480;  origin  of,  224,  387, 
391;  origin  and  relationships  of,  361; 
Pliocene,  413. 

Homo  {EoanlhropUiidaus(mi,4&\. 

heiddbergtnsis,   419,   420,   427,   430. 

443,  480,  506;  human  characters  of  den- 
tition of,  413;  jaw  of,  352,  353,  354. 

HtandtrlhaUnsis,  376,  441,  481;  rela- 
tionships of,  424;  tauTodont  molars  of, 
442. 


Homo,  sapitni,  354, 359, 376, 379, 460, 506, 
519;  origin  of,  479. 

adrialkus,  493. 

ainu,  491. 

al^nus,  493. 

Amerind,  495, 497. 

armenianui,  493. 

assyroideus,  492, 

auslraiiatmt,  419, 424, 483. 

B^kop,  482. 

BrUnn-Prldmott,  481. 

Buskmati,  482. 

Cra-Magmmaisis,    482;    relation- 

ships of,  424. 

dravidicus,  483. 

eskimo.  495, 496. 

~     dhiopkus,  487. 

CaileyBill.Kl. 

Grimaidiensis,  482. 

indo-ajghanas,  487, 

indonesianus,  498. 

mtditerraneus,  488. 

mongoloideus,  494. 

mousterienns,  506. 

niger,  482. 

nordicus,  491,  520. 

palynesianut,  498, 

tasmaniaaut,  482, 

Turco-Talar,  494. 

vtddalis.  483. 

HOHVNCULUS,  214,  215,  222,  225. 
HowLEK  &loNK£YS.  See  Aloualla, 
Hrdu£ka:  Eskimo  a  branch  of  the  "Mon- 

golic"  race,  495;  neanderthaloids  struc- 
turally ancestral  to  higher  races,  458; 
origin  of  chin,  474;  racial  characters  of 
dentition,  476;  shovel-shaped  iiicison, 
465,  478. 

Hubbecht:  originof  man,393,411. 

Ht'HERi  of  man  and  other  mammals,  500. 

HuNnNGTON:  locomotor  muscuhiture  in 
anthro|M>ids  and  man,  405;  salivary 
gland  complex,  398. 

Huxley:  diprotodonls  more  advanced 
than  primitive  protodonts,  74;  human 
evolution,  151 ;  origin  of  man,  391, 
392. 
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Hn/MATZM^  422;  cmckl  uui  •jeoul  dizr- 
Iv.yM,  310.312. 

H'lt/fUimM^  Xn. 

Uf^VJti'/^TJiiM,  \\%  2fff;  crtartd  W 
Owij-hrJiia,  IW. 

HrfjOWE,  'AT^  'A,  73, 1.», 
llv»'jC«Ur,  I'jfi;  on^  »(,  63, 125, 
HyrvUKyST  mrJon.  77, 1 1 1 . 

I  Cntx-jPSLS,  /5,  «2, 506,  Ji*. 
I»Ci»'-M,   aA^Ahie.    ¥i%;   decWiwiu,   o* 

aaxi.i'nuMi  tad  maa,  iM;  evohitioo  of, 

444,  464;  r^ri^D  rrf  bnnB)),  461;  ndal 

duracten  of  kUal  mrfaee  irf,   478; 

«l>ovtl-fIu[i«d,   465,   476,   47S;   tbovc^ 

ituped,  in  Kra^itoa  hud,  437. 
IXDIAX,  American,  497. 
IXDO-ArCHAic  race,  487. 
M>0«MI*\s.  498. 
[xMis,  I4.(.  ;«,  /-ff. 
ODX.  I4J.  146. 
rxiw«K,.v,  1J6,  117,  Sl>l>,  5U, 
[x«-,CTivi,j,Es,    Icf'tictM,   pi,   5,   Part  II; 

Pafcocent,  2W;  Mlambd<Honl,   52,   74, 

101, 105, 107, 156. 
IxsECnvosoi's  pre-primate  stage  of  human 

evfJulion,  513. 

Jaw,  dentary-squamosal  cnnlact  oF,  8J; 
orifciD  of  dermal,  78;  origin  of  cartilagi- 
nous, 7S;"gill  arch"of  sharks,  4;  muscles 

of  sharks,   4;  orif^n  of  muscles  of,  78. 

,  laurcT,  angular  process  of,  25 ;  angular 

process  of,  in  Amtlollierium,  85;  ascend- 
ing ramus  of,  in  cynodonts.  18;  carti- 
laginous, of  ganoids,  6, 78;  of  cynodonts, 
22,  82;  evolution  o(  human,  -IIS,  419, 
420:  mammalian  joint  of,  with  skull,  18; 
of  mammal-like  reptiles,  20;  mandibu- 
lar condyle  of,  in  Nothardu!  and 
Adapts,  137;  of  Mesozoic  mammals, 
48;  movements  of,  in  Nolharclidi,  132; 
movements  o(,  in  Adapida,  135;  rep- 
tilian. 25. 


K^^AROO  beds.  Sooth  A&io,  2& 

KAKXons,  2b,  27,  S3. 

Rea-nz:  Galtdu  skoD,  472. 

Keith:  arixMcal  anxstiy  of  mm,  -tl^ 
comparative  anatomf  <A  M\\\\\y\tm\\, 
501;  compaiatiw  analomr  of  aK3n- 
poids  and  man,  396,  402;  car  4C  aa- 
thropoids,  402;  gibbons  essentnlr  q(«>- 
mo^fa  monkeys,  315;  mtusliuaiioa  ■ 
chimpanzee,  398;  Neanderthal  sknEl, 
443;  origju  of  Hominidz,  356;  Pihdovii 
jaw,  350,  351;  pie[Htuitaiy  pianc,  411, 
442;  relationship  of  gorilla  aad  diimpaB- 
zee,  350;  supra-plenal,  plenal  and  sob- 
man,  421;  taurodont  molars  in  NcaiKler- 


thaln: 


1,442. 


Klaatscb:  ancestors  of  man  never  quad- 
rupeds, 406;  Mousterian  youth  described, 
444;  sections  of  heads  of  soriUa  and  man, 

410. 
Koreans,  495. 
KsAPiNA  man,  dental  fonntila  of,  462; 

dentition  of,  457;  lower  molars  of,  44J. 
K(!ke.nthal:    cusp-rotation      hypotheas, 

104. 
KusiDDON,  53, 54, 03, 86,  U». 


LABYRINTHODONT  teeih  of  crossop- 
terygians,  79;  of  early  telrapods,  12; 
of  Eryops,  11. 

Lacothbix,  222,  pis.  8-U,  Part  III. 

Lang:  skulU  of  Coiobus  loaned  by,  291. 

Laniary  teeth  in  primitive  amphibians 
and  reptiles,  12,  15. 

DE  Lapodce:  Anlhropcdus,  339. 

Lapps,  494. 

Lartet:  lower  jaws  of  Dryopilkecus,  328. 

Lasiopvca  {Cercopithecu!),Z8Z. 

Leavitt:  man's  upper  dental  arch,  384. 

Leap-Eatinc  types,  94. 

Leche  :  cusp-rotation  hypothesis,  103 ; 
protocone  of  zaiambdodont  insectivores, 
105. 

LeDouble:  lacrymal  bone  of  anthropoids, 
403. 

Leidv:  Omomys,  188;  origin  of  PUtyr- 
rhinie,  280;  Washakius  described,  192. 

Leuur  txiriui,  142. 

Lemukid*,  114,  179,  280;  adaptive  radia- 
tion of  dentition  in,  143;  "habitus"  and 
"heritage"  ol,  143;  origin  of,  139. 

Leuuroid  stage  of  human  evolution,  513. 

Lemuroids,  112,  114,  407,  S19. 

Lepidosteos,  9,  79. 

Lefileuur,  123, 141. 

Leptociadus,  85. 

L?NN-«N  system,  397;  ridiculed  by  Wood 
Jones,  393. 

LiNN^tis:  allocation  of  man,  apes,  mon- 
keys, bals,  to  primates,  151;  man  a  pri- 
mate, 113. 

Litopterns,  "habitus"  and  "heritage"  of, 
386. 

Locomotor  apparatus  of  anthropoids  and 
man,  414;  evolution  of,  10,  79,  406;  of 
p  imilive  sharks,  4;  of  teleosls,  6;  of 
theiapsids,  15. 

LoPBODONT  molars,  75. 

Loms,  169:  tardigradui.  Ill,  172, 174. 176. 

LoRism*.  114,  180;  characters  of,  169; 
origin  and  relationships  of,  234. 

Lost  Cabim  formation,  pi.  7,  Part  11. 

LoxoiiuA,  12,  506,509. 

LtiNG-FisHES,  6,  10;  modem  representa- 
tives of  Dipnoi,  7. 


Lycoc\,mhus,  16. 

Lvdekker;  Cercopithecids,  290;  diet  of 

Tariiu!.    213;    diet    of    Telmius,    187; 

Palaopilhtcus,   340,   342,   343;   Siwalik 

primates,  317. 

^cGREGOR:  nose  of  gorilla,  403;  re- 
construction  of  Heidelberg  jaw, 
429;  reconstruction  of  Pilkuanlhropus 
skull,  424. 

Macacus  inuui,  298, 

Major:  ArchtroUmur,  115;  Lemuridx  de- 
rived from  AdapidiE,  139,  154;  Ncio- 
pUhecus,  lis. 

MAiiHAUANStageofhuman  evolution,  511. 

Mammal-like  reptiles,  12, 80,  81, 407, 51S, 
auditory  ossicles  of,  20;  deciduous  and 
permanent  teeth  of,  pi.  1,  Part  I;  evolu- 
tion of  dentition  of,  81;  lower  jaw  of, 
20;  occlusion  in,  81;  origin  of.  14,  80; 
overbite  in.  81;  stage  of  human  evolu- 
tion, 510. 

MAUitALS,  dentition  of  primitive,  35; 
Eocene,  premolars  of,  103;  Mesoxoic,  23, 
63;  of  the  Morrison  formation,  40,  54; 
origin  of,  15,  81;  origin  of  placental,  99; 
primitive  characters  of  placental,  100; 
of  the  Puibcck  beds,  40;  Reichert's 
theory  of  middle  ear  of,  18;  stem  pla- 
cental, dental  characters  of,  123;  of  the 
Stonesfield  Slate,  31. 

Man,  anthropoid  heritage  of,  397;  Ccft- 
Magnon,  relationships  of,  424;  deciduous 
incisors  of,  384;  deciduous  teeth  of, 
3S2, 3S3;  dental  arches  of,  172, 374, 384, 
385,  466;  eruption  of  deciduous  and  per- 
manent teeth  of,  384;  evolution  of 
dental  arches  of,  420,  421;  evolution  of 
lower  jaw  of,  4IS,  419,  420;  "habitus" 
and  "heritage"  shown  in  skull  of,  417; 
locomotor  apparatus  of,  404,  406.  414; 
lower  jaw  of,  415;  ? Mediterranean,  re- 
lationships of,  42V;  occlusion  in,  370,371, 
416.  pi.  14,  Part  V;  origin  of,  232,  391, 
406,  411,  503,  505;  origin  and  relation- 
ships of,  396;  sagittal  section  of  head  of, 
410;  Talgai,  relationships  of,  424; 
TasmBnian,-W/,  405;  tajtonomicrelat  ions 
of,  IIJ;  upper  molar  of,  376. 
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Mas, modem,  3SP,41P,  422,  443;  dental 
arches  of,  4S4,  485;  jaw  of,  352,  353; 
molars  of,  475;  temporal  bone  of,  355; 
upper  and  lower  teelli  of,  423. 

Mabett-Tdis:  "cusp-rotation"  hypothe- 
sis, 103. 

Marmosets.    SeeHapalidx. 

Mabsh:  mammals  of  the  Upper  Cretace- 
ous, 63;  MtnaeodoH,  47;  Paurodan,  50; 
Tinodon,  47. 

Mars[ii>U15,  64;  adaptive  radiation  of, 
68,  87;  derived  from  AiBpkilherium, 
63;  homologies  of  deciduous  and  per- 
manent teeth  of,  65;  occlusion  in,  65, 
pi.  2,  Part  I;  origin  of,  68,  87,  99;  poly- 
protodont,  pi.  2,  Part  I,  pi.  5,  Part  11. 

Matthew:  Atlantic  land  bridge,  227; 
Didelpkodiis,  lOS;  dispersal  of  races  of 
man,  499;  Enlomoteslts,  IIS;  Eocene  tar- 
sioids  of  North  America,  187;  Eoddphis, 
64, 68;  Hemiacodan,  191;  Hyopsodontida; 
referred  to  Condylarthra,  118;  mammals 
of  the  Upper  Cretaceous,  63;  fiolho- 
decles,  !l9;Omomys,  IffC,- dental  formula 
of  Omottiyi,  188;  placentals,  homologies 
of  deciduous  and  permanent  tcelh  of, 
232;  placentals,  origin  of,  100;  placentals, 
no  fourth  molar  in  early,  234;  Palao- 
ryctts,  102;  Pdycodus,  129;  Piltdown 
jaw,  351;  primates,  phytogeny  and  suc- 
cession of,  517;  primates,  primitive,  and 
condylarths,  120;  protocone,  origin  of,  ix; 
sloths,  revolutionary  changes  in,  416; 
Teloniiis,  195;  Thlaodon,  67.  68;  Viatan- 
ius,  199;  Washakius,  192, 193;  zalambdo- 
dont  insectivores,  piotocone  in,  105; 
zoiigeographic  relations  of  Europe,  Asia, 
and  Africa,  316. 

Maxilla,  origin  of,  6;  premaxilla,  fusion 
with,  460. 

Meckel's  carlilage,  6,  23. 

Meditebban-eans,  488,  491,  492. 

Meoalichthys,  9. 

Melakesian  race,  482, 

Melanoios,  4S3. 

Melano-Indiass,  483. 

Menacoiwn,  vUi.  47,  84. 


MsytscoESSt:^,  63. 

KlEN-ISCOTHEBIinf,  109, 110. 

Mesotyphla,  116,  152,  279. 
^Iesoconid  of  DryopUhtats,  329. 
^Iesohippcs,  386. 

ilESOSTYLE,  130,  135;  origin  of,  132. 
MeSOZOIC  mammals,   23,   63; 

lower  jaw  of,  48;  reptiles,  12. 
Metachibus,  70,  pi.  2,  Part  U. 
Metacone,  homologies  of,  67,  102;  origin 

of,  65,  73.  86. 
&[£TACOMD,  origin  of,  37,  S4. 
Metacon'ule,  86;  origiD  of,  66. 
Metastyle,  125. 

AllCBOCEBUS,  179. 
ftllCBOCBfERUS,  299. 

■ etinaceus.211,284. 

—  ornatus,  208,  210. 
MiCROCO-SODON,  24,  26,  27,  34,  511. 
MiCHOiESTES,  27,  31,  83. 

-^moorH,28. 

rkalicus,  28. 

Midas.  228,  pis.  12,  13,  Part  m. 

Middle  ear  of  mammals,  Reichert's  theory 
of,  18. 

Miller:  man,  jaw  muscles  of,  425;  man, 
"Taisius  theory"  of  descent  of,  393; 
Piltdown  jaw.  350,  351;  Piltdown  prob- 
lem, bibliography  of,  358;  Piltdown 
skull,  356;  primates,  hallux  of,  409. 

Milne-Ed WAKDs:  relations  of  lemuroids 
to  primates,  116. 

MioCLA£!nD.x,  280. 

MiopiTHECtis,  298,  300. 

MdiODECTES,  117. 

Mn'ABTi  relations  of  lemuroids  to  pri- 
mates, 116. 

MoLABS,  apex  of  crowns  of,  86,  10*. 

,  -^,  homologies  of,  102,  103, 

~,  bilophodont,  75;  ot  Cetcopitheddie, 
298;  of  Archxolemuridx,  154. 

,  cruciform  pattern  of,  429,  476,  480, 

526,  529. 

,  criisking  types  ot,  68;  origin  of,  22. 

,  cusp  of,  Carabelli,  474;  Carabelli,  in 

Mousterian  youth,  454;  formula,  475; 
homologies,  124,  156;  names,  viii,  126. 
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Molars,   cusp  oj,  -rotatioa    hypothnis, 

vlU,   45,  47,   48,  61, 84, 85, 103, 104;  re- 

ductioDin  number  of,  475. 

,  deciduous  in  anthropoids,  382,  38J. 

,  diprotodoni,  75, 

,  Dryopitketus  pattern  of,  409,  429, 

475. 

,  "end-to-tnd"  articulation  of,  425. 

.evolution  of  buraan  upper,  452;  in 

NotharctJda:,  134. 
,  fourth  and  fifth  neomorphs  in  man 

and  anthropoids,  467;  of  primates,  233. 

,  grinding  types,  origin  of,  74. 

,  homolaiies   of,   in    PlalyrtbinK   and 

Calarrhinie,  233. 

,  kypsodoni,  77,  111. 

,  increase  in  number  of,  234. 

,  inlerdentat  spaMS  between,  107,  151, 

280. 

,  iopkodoni,  75. 

,  louier,    crudfoim    pattern    of,    379; 

Dryopiihecus  pattern  of,  379;  evolution 

of  in  NolharctidE,  153;  sixth  cusp  of  in 

Heidelberg  jaw,  429. 

,  of  modern  maft,  475. 

,  o/0f>mii>0ri>M-herbivorous  types,  75. 

,  origin  of  in  cynodonts,  17. 

,  reduction  in  number  of,  in  Hapalide, 

228;  in  uze  of,  229. 
.roots  of,  23;  coalescence  of,  85;  of 

Eodelpkis,  65;  of  PeraUstes,  58. 
— — ,  shearing  types  of,  in  marsupials,  70, 

71. 
flauTodont  in  Neanderthal  man,  442; 

in  Deanderthaloids,  459. 
— — ,  triconodoni,  34. 
,  Irilubereuhr,  of   Callicebus,   225;  of 

Chrysochloris,  60;  of  Notorydts,  74,  92; 

origin  of,  vii,  37,  38,  45,  47,  48,  61,  84, 

100. 

,tuberculo-seetorial,  x,  128. 

,  ii^/«r,origii)  of  crushing  types  of,  22. 

,  variations  in,  475. 

,  V-lkaped,   128,    132;  of  Cebidie,  of 

Catleles,  101,  pi.  5,  Part  of  II;  Propi- 
thectts,  143. 
Mongolians,  479. 


MoNOOLoiDs,  494. 

Monkeys,  cercopithecine,  290;  Old  World, 

origin    of,    279;    semuopithedne,    290; 

South  American,  214;  adaptive  radiation 

of,  222,  235;  Chrysolkrix  and  Cdms,  203, 
MoBRisoN  formation  of  Wyoming,  40,  54. 
MoscHors,  506,  510. 
MoscocNATHiTS,  I7,  pi.  1,  Part  I. 
MousTERtAN  youth,  421, 422;  dentition  of, 

444;  occluuon  b,  pi.  14,  Part  V. 
"Multiple  origin"  of  primates,  394. 
MuLXiTDBERCULATES,  27,  39;  diprotodoDt 

dentition  of,  27;  origin  of,  31,  82,  83. 
Mycetcs.    See  Ahualta. 
MvcTZHosAUHUS,  506, 510. 
Mylohvoid  groove  in  protodonts,  25. 
Mykuecobius,  62,  pi.  3,  Part  I;  origin  of, 

71,  72. 

NANNOPITHEX,  204, 20S. 
Nasalis,  290, 293,  295. 
Natural  groups,  236. 
Necroleuur,  421,  506.  515, 

,  antiguut,  206,  207,  208,  209,  284. 

,  edtpardsii,  211. 

,cfr.    ZUIdi,204,205. 

Neoro  race,  482. 

Negroids,  482. 

Nekring:  the  Weimar  molar,  356. 

Neomorphs,  467, 

Neopithecug  (Anthropodus),  367, 

,  braneoi  Schlosser,  339;  third  lower 

molar  of,  338. 
Nesopitheccs,  115, 
New  Britain  man,  dental  arches  of,  484, 

4SS. 
Nordic  race,  491,492. 
NoTHARCnox,  118,  120,  464;  deciduous 

dentition  of,  133;  dental  fonmila  of,  121, 

134,  280;  evolution  of  dentition  of,  152; 

evolution  of  premolais  of,  134;  evolution 

of  upper  mollis  of,  134;  occlusion  in,  125, 

127, 128,  iK,  131. 
NoTHARCTCS,  513, 519;  dentition  of,  134, 
,crassus,  120,  121,  126,  127,  130,131, 

136,  137,  152,  pi.  7,  Part  U,  217,  218, 

220,  225. 
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NOTHAKCTCS,  nunienus,  pi.  7,  Part  II. 

,osborm,  121,  122,   126,   137,  pi.   5, 

Part  II,  219, 418. 

,  tyrannus,  133, 

,  venticoius,  123. 

NoTOEYCTES,  74,  pi.  3,  Part  I. 

Nutall:  Blood  immunity  and  blood  rela- 
tionships, 397. 

NVCTtCEBUS,  i/O;  dentilion  of,  178. 

,  naluna,  170,  171,  172,  174,  176. 

OCCIPITALcondyIeofCotylosauria,80. 

OccLDStON  in  anthropoids  and  man,  370, 
371;  in  Bedouin  female,  pi,  14,  Part  V; 
in  chimpanzee,  pi,  14,  Part  V;  in  i>t'ii- 
demodott,  22;  in  DiplocynodontEde,  59; 
evolution  of,  422;  in  mammal-like  rep- 
tiles, 81;  in  man,  416;  in  marsupials 
(Upper  Cretaceous),  6S;  in  Mousterian 
youth,  pi.  14,  Part  V;  normal,  474;  in 
Notharctidie,  125,  127,  128,  129,  131; 
in  Palaorycles,  104;  in  Pediomys,  65,  M; 
in  Perameles,  72;  in  primitive  placental, 
107,  108,  109,  110;  in  polyprotodont 
marsupials,  24,  70,  pi.  2,  Part  I;in primi- 
tive trituberculates,  38,  55,  56. 

Oceanians,  498. 

Odontolooy,  111. 

Oedipomidas,  pis.  12,  13,  Part  HI. 

Ofntt,  Mediterranean  skull  found  in,  491. 

Old  World  monkeys,  origin  and  rise  of, 
279. 

Omnivorous  types,  71,  W,  107;  -herbiv- 
orous types,  75. 

Ouoiivs,  189,  506,  514;  dentition  of,  188. 

Qpossims,  518;  ancestors  in  Upper  Creta- 
ceous, 64. 

Orang,  319,  320,  321,  322,  324,  331,  338, 
359,  364;  canmes  of,  357;  dental  an:hes 
of,  373,  375;  dental  characters  of,  319; 
ocdu^on  in,  370;  relationships  of,  424; 
skull  of,  323;  temporal  bone  of,  354. 

Oheopithecds,  288,  299;  described,  289. 

Orthogenesis.  336. 

Orthocenetic  evolution,  419. 


Osborn:  Atnpkitherium,47; Apiditim,2S7, 
ZffS.-CarabcUi  cusp,  454;  Cope's  iheoiy  of 
tuberculy,  ix;  cuspnomeoclature,  vii,  viii, 
Diddphops,  66;  DrotHolkerium,  24;  Dry- 
olesies,  54,  55,  104;  Eocene  tarsioids  of 
North  America,  187;  flint  implements 
associated  with  Mousterian  youth,  444; 
Furfooz-Grenelle  race,  493;  Haploconus, 
108;  Heidelberg  jaw  assigned  to  mid- 
Pleistocene,  428;  identical  characters  in 
divergent  descendants,  386;  Kurlodon,S3; 
mammals,  palatal  arch  of,  472;  maminals 
of  the  Purbeck  beds,  40;  mammals  of  the 
Upper  Cretaceous,  63;  Mediterraneans, 
491;  Microconodon,  24;  Microlesles,  28, 
29;  mulliluberculate  lower  molars,  28; 
PauTodon,  50;  Pediomys,  65;  Peralesta, 
58;  Paramdcs,  72,  73;  Peramus,  45,  47; 
PliascoUsles,  58;  protocone,  homology 
and  origin  of,  ix,  56;  protocone  problem, 
review  of,  ItM;  Prololambda,  66;  Spala- 
cothtrium,  45;  Stonesfield  Slate  mammals, 
31;  Siylodon,  54;  tree-shrews,  relatives 
of  existing,  117;  trituberculai  molar, 
origin  of,  48;  zoogrographic  relations  of 
Europe,  Asia,  and  Africa,  316. 

Osdurn:  atavistic  variations,  468;  palatal 
arch,  472. 

OsTEOLEPis,  9,  506,  508,  518. 

Ostracoderus,  3,  78;  represent  an  early 
stage  of  vertebrate  evolution,  3. 

OxocvoN,  233. 

Overbite,  473;  in  mammal-tike  reptiles, 
81;  in  protodouts,  24. 

Owen:  Achyrodon,  57;  Amblothtriutn,  49; 
mammals  of  the  Purbeck  beds,  40;  mam- 
mals of  the  Stonesheld  Slate,  31;  Micro- 
testes,  28;  PeraUsles,  56,  57,  58,  85; 
Peraspalax,  57;  Plaguitilax,  41;  Spaiaeo- 
Iherium,  45,  46;  Slylodtm,  51,  53;  Trio- 
canlhodoH,  43;  Triconodon,  43  Trily- 
lodon,  40. 

Oxyci.£Nn>.£,  105. 

PACHYGENELEUS,  29,  30,  31,  42,82. 

Paddles,    pectoral   and  pelvic,  of  cross- 

opterygiansused  in  crawling,  10. 
Paired  limbs,  origin  of,  10,  79. 
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of.   inBalu- 


Palxanthbopus,  4S0. 

PAL^OHASTODON, 

chiatan,  31 7. 
Palaopiibecus,  341,  367,  376,  421;  type 

of,  340. 
Pai^orvctes,  101,  102,  104;  occlusion  in, 

104,  105. 

PAL.EOSIUIA,  31P,  364. 

PALsoiorc,  fishes  of,  3;  reptiles  of,  12. 
Palate,  origin  of,  81;  origin  of  submam- 

malian,  15. 
Paleocene  placental  mammals,  collection 

of  in  the  American  Museum  of  Natural 

Histoiy,  101;  origin  of,  99. 
Pan,  sp.,  354. 

,  vdlerosus,  344,  345. 

,telus,  350,  354,  366;  Piltdown  jaw 

eferred  to,  350. 
Papio,  cynocephalta,  301, 

,  spkinx,  297. 

Paracone,  homologies  of,  67,  74,   102; 

origin  of,  6',  73, 103. 
Pakaconid,  127;  origin  of,  37,    84,  125; 
eduction  of,  in  Notliarctidie,  129,  130. 
Parallelism,  393,  397,  406. 
Paeamolabs,  occu  renee  of,  in  man,  467. 
PABAtlELOOENic  concepts,  393. 
PARAPtTHECUS,  198, 212, 233, 286, 362, 377, 

506,  515;  described,  283. 
,  /rooji,  283,  285, 305, 418, 420;  dental 

fonnula  of,  283. 
Pabastvle,  125, 128. 
paitsodon,  50. 
Pediouys,  65;  occlusion  in  65,  66;  proto- 

cone  homologies  in,  C6. 
Pelycodus,  422,  506,  513. 

.frughorus,  pi.  7,  Part  II, 

ijaroni,  pi.  5,  Part  11. 

,  raistoni,  pi.  7,  Part  11. 

,  trigonodat,  viii.  120,  127,  129,  pi.  5, 

Part  II. 
PELVcosAinuA,  51S;  carnivorous  liabits  of, 

14;  crushing  teeth  of,  14;  laniary  teeth 

of,  14;  lateral  temporal  fenestra  of,  14, 

80;  thecodont  teeth  of,  15. 
Pelvcosaitiuah  stage  of  human  evolution, 

510. 


Peraueies,  72;  occlusion  in,  72. 
Peraiielid£,  72. 

Peramus,  45,  85. 
Peraspalax,  50,  54,  57,  85. 
Periconodon,  202,  203, 
Pebuo-Carbomfehous  formation  of  T«- 

as,  12. 
pERODicncus,  112,  171,  173,  175,  177; 

characters  of ,  178. 
Petbonievics:  Gimphognalkus,  18. 

P&ALANGESS,  75. 

Phalangista,  pi.  4,  Part  I. 

Phascocale,  pi.  2,  Part  I. 

Phascolabctos,  70,  76,  pi.  4,  Part  I, 

Phascolestes,  58. 

Phascolomys,  75,  76,  77. 

PaAscoLOTHESiini,  33,  34,  48,  83. 

Phenacodus,  109, 110. 

Pbosprobites  of  France,  fossil  tarsioids 
found  in,  201,  202,  203,  206,  207. 

Pilgrim:  Cercopilhecida,  290;  Dryo/nlhe- 
cus,  inward  displacement  of  mesoconid 
of,  329;  D.  ckinjiensis  and  Trinil  ape 
man,  378;  D.  daneini,  characters  of 
molar  of,  333;  D.  puttjabicus,  331,  332, 
338, 359,376, 451, 455;  D.  rheitanus,  455; 
gibbons  near  line  of  human  ascent,  316; 
gorilla,  331,  332;  Homo  sapiens,  lower 
molar  of,  379;  oratig,  331,  332;  Palao- 
maslodon,  successors  of  in  Baluchistan, 
317;  Palaopilliecus,  characters  of,  ana- 
lyzed, 342;  P.  a  relative  of  Ptiopilhtcus, 
343;  objection  to  referring  jaw  of  Siva- 
pithecus  to  P.,  343;  Palaosimia,  319; 
Pliopilhtcus  not  an  ancestral  gibbon,  306. 
307;  primates,  canines  of,  308;  Sivapith- 
ecHS,  ancestral  to  Homo  sapietu,  328; 
breadth  indices  of  cheek  teeth  of  S., 
327;  molars  of  S.,  376,  37S;  Siwalik 
primates,  318, 

Piltdown  canine,  xi,  357,  358;  Common, 
England,  human  remains  found  in,  350; 
jaw.  xi,  350,  351, 352. 353,  385;  problem, 
I,  350;  skull,  xi,  385;  temporal  bone,  J55. 

PiTHECASTHBOPUs,  359, 368, 413, 426, 480, 
506,  517;  problem,  358;  relationships  of, 
424. 


Placental  manunab,  origin  of,  99;  primi- 
tive characters  of,  100. 

Plagiaulacids,  27,  41. 

Plagiaulax,  Z8. 

Platvrshin^,  114,  214;  adaptive  radia- 
tion of,  212;  deotal  foimula  of,  226; 
"heritage"  of,  236;  homologiei  of 
molars  of,  233;  a  natural  gTOup,236; 
origin  of,  212,  216,  220,  226,  235,  279, 
283;  relationship  n-itb  man,  386, 
391;  skull  of,  222,  226;  stem  character! 
of.  226. 

Plesiadapid£,  116, 119,279. 

FuopiTHECus,  363;  dentition  of,  304. 

,  antique,  284, 303. 304, 305, 329, 376. 

Pocock:  anthropoids,  locomotor  appara- 
tus of,  414;  galagos  separated  from  the 
Lorisidie,  180;  Tarsius,  external  charac- 
Icra  of,  169;  Tarsiui  not  a  lemur,  114; 
Tarsius  and  lemuroids,  112;  "Tartius 
theory"  of  man's  descent,  393. 

PoBL£:  atavistic  variations,  462. 

POBUC:  Pmdopithti  rkenaniis,  3^1 . 

PoLYPHyLETic  evolution,  393;  croups.  200, 
503;  origin  of  families,  336. 

POLVPKOTODONTTA,  69;  occlusioo  in,  70; 
origin  of,  64. 

POLYKASTOnON,  40, 

polykastodontid*,  63. 
Polynesians,  498,  499. 
PoLYPROTODONTS,  aberrant  types  of,   pi, 

3,  Part  I;  modem,  survivors  of  Upper 

Cretaceous  marsupials,  69. 

POLYFTEBUS,  9. 

Post-Canine  teeth,  number  of  in  Amphi- 
tberiidEe,  86;  in  Amphilheriunt,  83;  in 
primitive  mammals,  62. 

Pbe-Catarkkine  stage  of  human  evolu- 
tion, 515. 

Pkedatorv  types  of  lishes,  78;  of  primitive 
reptiles,  12. 

PkEUAXtLLA,  origin  of,  6;  and  maxilla, 
fusion  of,  460. 

Pkeuolar  analogy  theory,  59,  124,  134, 
150,  153;  cusp  homologies,  124;  decidu- 
ous, in  anthropoids,  381 ;  of  Eocene  mam- 
mals, 103;  evolution  of,  in  man,  450, 
452;  evolution  of,  in  Notharctids,  134, 


153,  pi.  6,  Part  U,  224;  lower  dedduou*, 
of  H.  sapiens,  chimpanzee,  D.  rhenanus, 
Omomys,  380;  -molar  series,  evolution 
of,  pi.  7,  Par  II;  molarization  of,  38, 
124, 125, 128;  protocone  of,  38;  reduction 
in  number  of,  143,  155,  224;  variations 
in,  475. 

pREPtTUtTAKY  plane,  411. 442, 458. 

PBETSTTtTBERCULAS  Stage  of  human  evolu- 
tion, 512. 

Pkiacooon,  44. 

Primates,  1 1 1;  dental  formula  of  primitive, 
153;  dental  formula  of  Old  World,  198; 
dentition  of  primitive,  124;  hallux  of, 
230,  409;  hands  and  feet  of,  230;  history 
of  classification  of,  113;  origin  of,  116, 
120;  origin  of  New  World,  121;  origin 
of  Old  Worid.  278. 

Pronycticebus,  179,  202,  203;  dentition 
of,  203. 

Propithecds,  132, 143, 145,  146. 

Pbopliopithecus,  363,  506,  516;  denti- 
tion of,  302;  relationships  of,  424. 

,  haickdi,  284,  302,  305,  329,  418. 

pROSCALOPs,  pi.  5,  Part  H, 

Protarsio  d  stage  of  human  evolution, 
514, 

Protetrapod  stage  ot  human  evolution, 
509. 

Protocone,  homologies  of,  56, 59, 66, 102, 
104;  origin  of,  56,  59,  66.  86,  102,  107; 
of  premolars,  103. 

PROTOCOKID,  homologies  of,  65. 

Photoconule,  86,  I37;originof,66. 

Protodonta,  23;  lack  of  bony  chin  of,  24 
dental  formula  of,  24,  26;  mylohyoid 
groove  of,  25;  occlusion  in,  24;  origin  of, 
82, 83;  overbite  in,  24. 

Protolauboa,  66. 

psel-dooobilla,  34s,  349. 

PsELiKiHOBSES,  "habitus"  and  "heritage" 
oi.  386, 

PSEDDOHVPOCONE,  127,  130,  135;  of  Cat- 
Ikebiis,  220;  origin  of,  132. 

PsEUiwtORis,  179,  201;  dentition  of,  200. 

PSEimOTRITlTBERCULATES,  85, 

Pterichtuyb,  3. 


pTTLOctacus,  117,  lis. 

PrnflDUB,  2S,  42. 

PuERCO  fauna,  101. 

Pur  RECK  beds  of  England,  40. 

Pycraft:  Piltdown   jaw,    350;    Piltdowo 

problem,  35S. 
PvQATHBix,  290,  292,  294. 

QUADRATE  reduced  in  cynodonts,  18. 

J^ACES  of  Man,  conspectus  of,  480;  dis- 
persal of,  -  99. 
Racial  cliatactets  of  dentition,  476,  478, 


indsora,  478. 

Reichert's  theory  of  the  origin  of  mam- 
malian middle  ear,  IS. 

Replaceuent  of  leeth,  469.  470,  471;  in 
mammal-lilie  reptiles,  16, 17. 

Reptiixs,  mammal-like,  12,  80,  81,  407, 
SIS;  auditory  ossicles  of,  ^;  deciduous 
and  permanent  dentition  of,  16, 17,  pi.  I, 
Part  I;  evolution  of  dentition  of,  81; 
tower  jaw  of,  20;  occlusion  in,  81 ;  origin 
of,  14, 80;  overbite  of,  81 ;  stage  of  human 
evolution,  510. 

,stem,  12,  406;  occipital  condyle  of, 

80;  skull  of,  80;  "tadpole"  Stage  sup- 
pressed in,  12,  80;  ihecodont  teeth  of, 
80;  upper  jaw  of,  13. 

Retztits:  spermatozoa  of  the  gorilla,  398, 
501. 

Reversions,  atavistic,  467-^469, 

Revolution ABv  changes,  79;  advances 
through,  10;  n  sloths,  416;  in  whales, 
416. 

RHDiOPITHEtKIS,  290. 

.  Well,  292. 

,  roxdlaita,  294. 

Robinson;  evolution  of  the  chin,  475. 

Roots,  23;  coalescence  of,  84;  of  Eodtlphii, 
65;  of  mammals,  37;  of  Peraleiles,  58; 
single  and  double,  30. 

rose:  anthropoids  and  man,  deciduous 
teeth  of,  3S2,  3S3;  dental  arches  of, 
372-375;  occlusion  In,  370,  371;  cusp- 
rotation  hypothesis,  103. 


gAIMIRI,  235,  pis.  8-11,  Part  UI. 

Saleksev;  anthropoids  and  man,  decidu- 
ous teeth  of,  382,  383;  dental  arches  of, 
372-375;  occlusion  in,  370, 371. 

Sanboik  :  photograph  of  gorilla  loaned  by, 
400,  408. 

Sand  Coulee  formation,  pi.  7,  Part  II. 

Santa  Cruz  formation,  Patagonia,  214, 
215. 

SARCOPHiLtrs,  70,  pi.  2,  Part  I. 

SCBLOSSER,  Anlhropadus  defined,  339; 
Apidium  a  primate,  287,  288;  DryopillK- 
cus,  "inward  displacement  of  the  meso- 
conid"  of,  329;  Dryopilhecus,  molars  of, 
328;  man,  origin  of,  503;  Neopilhecus 
(Anikropodus),  338,  339,  367;  Faido- 
pithex  and  Pliohytobalts  referred  to 
Dryopilhecut,  337;  paracone,  origin  of, 
103;  Parapilhecus,  285,  305,  328;  pri- 
mates, canines  of,  308;  PropliopHhtcus 
allied  with  Pllopilktcus,  303. 

ScBdTENSACK:  Homo  kaddbtrgimsU,  430; 
assigned  to  Lower  Pleistocene,  428; 
described,  427;  molars  from  Heidelberg 
jaw,  443;  molats  from  modem  European, 
443. 

ScawALBE:  Caiabelli  cusp,  454;  origin  of, 
476;  Oreopithecidx  a  distinct  family, 
289;  Oreopilhecus,  421;  Parapilkecut, 
dental  formula  of,  283. 

Scott;  paracone,  origin  of,  103;  premolar 
cusps,  nomenclature  for,  102. 

Seelev:  Cynoiiuilkut,  22;  Tnrachodon, 
19. 

Selenka:  eruption  of  deciduous  teeth  of 
anthropoids,  384;  Simia,  319. 

Seunopitheone  monkeys,  290. 

Semnopithecus,  290,  292, 294. 

Seniocebus,  228,  pis.  12,  13,  Part  UI. 

Sera:  a  hypothetical  ancestor  of  mam- 
mal ,468;"mulliple-origin"of  maD,394; 
origin  oC  Old  Worid  primates,  235. 

Serci:  independent  origin  of  "types", 
303;  Nordic  race,  492;  repudiates  theory 
oE  evolution  by  lmti3formalion,469. 

Sesauoimn,  16. 

SEyuouBiA,  5 IS. 

Shagreen  denticles  of  sharks,  4. 
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Shabes,  Devonian,  4,  508;  dental  plates 
of,  6;  development  of  endoskeletoo  of, 
4;  endocranium  of,  5;  "gill  arch"  jaws  of, 
4;  j'aw  muscles  of,  5;  jaws  of,  7,  8;  loco- 
motor apparatus  of,  4;  shagreen  denti- 

SH£Pakd  :  photograph  of  chimpanzee  loaned 

by,  402. 
Sboshontus,  194. 

SiBEBIANS,  494. 

SiuiA  pygmtus,  320, 324. 

satyrus,  319. 

sp.  321, 322. 

SninoA,  114,  302;  origin  and  relationships 

ot,36L 
Sinclaib:  skull  of  Neerotemur  loaned  by. 


cut,  326. 

SlWAUK  formation  of  India,  317,  3tS. 

Skull,  changes  in  elements  of,  in  primitive 
tetrapods,  12;  of  cynodonts,  17;  dermal, 
of  Cotylosauria,  13;  of  platyrrhinie, 
222;  temporal  fenestra,  lateral,  of,  14; 
temporal  muscles  of,  in  cynodonts,  18; 
temporal  region  of,  in  Cotylosauria, 
12,  IJ;  of  tetrapods,  10, 79. 

Surra,  G.  E.:  Pilidown  jaw,  350. 

SMJrH,S.A.:  Talgaiskull,38S,*y(J,^7. 

South  Avebicah  monkeys,  214;  adaptive 
radiation  of,  222,  235;  Chrysolhrix  and 
Cebut,  203. 

SPAtACoTHERUDS,  45. 

SPALACOTHKBitm,  via,  45, 46, 48, 84. 

Sphenodon,  14,  81. 

Stages  in  the  evolution  of  the  human 
dentition,  508 

Standikg:  ArckaoltmuT,  144. 

Stbgocephs,  emergence  of,  10. 

Stehlin:  Adapidie  a  distinct  family,  135, 
139,  154;  Adapis,  133, 140, 142;  Ancho- 
momyi,  179,  200,  201;  Anchomomyt  not 
ancestral  to  Tarsius,  213;  European 
Eocene  tarsioids,  199,  201,  202;  Micro- 
chorus,  208, 209, 210;  Nannopilhei,  204, 
205;  NtcrolemuT,  205,  206,  207;  Peri- 
amodon,  203;  Pltsiadapis  referred  to  the 


Primates,    116;    Primates,   canines   of 

original,  \2^;PronyctieAus,20i;Pieiida- 

loris,  179,200, 201. 
Stebeognathus,  31,  39. 
Stonespield  Slate,  England,   fauna  of, 

31.83. 
Storvberc,  formation  of  South  Africa, 

PachygeneUus  found  in,  29. 
Stvlodon.  si,  53. 

STyL0DONTID.E,  51. 

SoBUNCUA  of  modem  lemurs,  139. 
Sullivan:  dolichocephaiy  and    bracbyce- 

phaly,  472,  473;  molars  of  modem  man, 

475. 
Stn-ERNTJHERARY  dental  elements,  467. 
SyHPBALA\GtTS,  cranial  and  dental  charax> 

ters  of,  309;  tyndactylus,  284,  305.  311. 

313. 314. 

'  ''J'ADPOLE"  stage  eliminated  in  prim- 
itive reptiles,  12,  80;  of  modem 
Amphibia,  80. 

Taeeei;  cusp-rotation  hypothesis,  103. 

Talcai  man,  424,  483;  relationships  of, 
424;  restoration  of  upper  dental  arch  of, 
385;  skull  of.  ■«<(.  4*7. 

TALONts  of  Dryoialts,  56;  origin  of,  38, 
48,  82, 125. 

TABSiiDf,  dental  formula  of,  281;  skuU 
characters  of,  280. 

Taksioid  stage  of  human  evolution,  515. 

Tabsioids,  114,  187,  299,  pi.  5,  Part  D; 
dental  formula  of,  234;  European  Eo- 
cene, 199;  North  American  Eocene, 
187.  201,  202;  origin  of,  279. 

Tahsios,  112,  114.  196,  197;  affinities  of, 
283;  modem.  212.  213,  214;  relation- 
ships with  man.  386. 

Tasuanuk  man,  401, 421. 

Tasuanians,  482. 

Taukodont  molars,  442,  443,  456. 

Taubops,  17,  pi.  1,  Part  I. 

Taxonouic  relations  of  man,  113. 

Taxonomy,  importance  of.  111,  149,  236. 

Teetr,  bilaphodant.     See  molars. 

,     canine.    See  canines. 


Teeth,  eruthint  types  of,  12,  68;  In  Pely- 

cosaurs,  14;  in  primitive  reptiles. 

12.    See  also  molars. 
,     dtciduousaad  ptTTOnnent.    See  d<- 

cidaotu. 
.     eruption    of,    133;    of   deciduous 

teeth  of  aotliropoids.  384;  racial 

differences  in,  477. 
herbivorous  types  of,  94. 
hypsodoni.n.  111. 
incisor.     See  inasors. 
lahyrinthodoHl.  10,  It.  12.  79     See 
also  labyrinlhodonl. 
laniary.  12,  IS.     See  also  laniary 
feoZ-eating  types,  94 
loss  of,  in  anomodonts.  15 
molar.     See  molars- 
omnivorous  types  of,  94. 


post-canine,  62,  83,  86.     See  also 

post-canine  teeth. 
premolar.    See  premolars 
procumbent  front.  154. 
relations  of,  to  developmental  con- 
ditions, 469. 
replacementoi,  16. 17.469.470,471 
reptilian  succession  of.  81 
taurodoni,  442. 443.  456. 
thecodont,  of  primitive  leptiles.  14, 

IS. 
trUottodonl.     See  molan. 
Iritabercular.     See  molars 
l^LEOSTS,  locomotor  apparatus  of,  6. 
Teunosfondvli,  12. 
Teupokal  fenestra  of  pelycosaurs,  14,  81 ; 

oiSphenodon.U. 
Tetartocone,  128;  origin  of,  130, 
Tetonius,  192,  194,  195,  196,  197,  198. 
Teteapods,    79;    adaptive    radiation    of 
teeth  of,  12;  aquatic  stage  of  develop- 
ment of,  10;  dermal  skull  of  earliest,  12; 
origin  of,  10;  origin  of  limbs  of,  79;  skull 
of,  79;  "tadpole"  stage  of,  80. 
Thecodont  teeth  of  primitive  reptiles,  14, 

15. 
THERAPStDA,  12,  81;  locomotor  apparatus 
of,   15;   origin   of,    14;   submammalian 
characters  of,  15. 


T&EROCEFHALIA,  16. 

Thesouorpba,  origin  of,  14. 

Theropithecus,  298,  Z96. 

THDiOPDS,  506,  509. 

Thlsodon,  66,  67,  68. 

Thvlacinus,  70,  pi.  2,  Part  I, 

TiLNEV:  brain  of  gorilla,  398,  501, 

TwODON,  47,  84. 

ToDAS,49I, 

ToNGiTE,  human,  385;  of  modem  lemuia, 

139. 
Topinard:  Galtcha   skull   measured   by, 

492. 
ToRHEjoN  fauna,  101. 
Traquair:  Birkenia,   4. 
Tree-Shrews,  116,  ;ir.  If*. 
Tkiacanthodon,  42,  43. 
Tribolodon,  25, 
Tricentes,  pi.  5,  Part  H, 
Triconodok,  34, 42, 43;  dental  formula  of, 

44. 
Tscconodonta,  32,  42;  basal  cingulum  of, 

32;  extinction  of,  84, 99;  origin  of,  37, 82. 
Teiconodonhd-e,  42. 
Trigon,  primary,  \x,  106,  ISO,  377. 

.secondary,  iit;  origin  of,  106. 

Triconhi,  homologies  of,  105;  origin  of, 

82. 

,  primary,  107. 

,  secorulary,  107. 

Trirachodon,  19 

Trituberculata,  48;  occlusion  in  primi- 
tive, 55,  56. 
Thitubebcdly,   Cope-Osbora   theory   of, 

V,  34,  85,  150. 
Tritvlodon,  84. 

THITVLODONnD.«,  40. 

Tubebculum  Dentals,  464. 

TUPAllA.  117. 

TuPAiiD.*.  116,  117,  lis,  152,  279. 

UGRIANS,  493,  494. 
UCBO- Finns.  494. 
UifJiANius,  198, 199. 
Ujfaivy:  the  Galtchas,  492. 
Ungulates,  molar  cusps  of,  110. 

^AN  KAMPEN:  auditory  region  of  an- 
thropoids and  man,  404. 


Veddas,  483. 

V£RN£Au:  dental  arche;  of  Grimaldi, 
New  Biitain,  and  fflodern  French 
skulls,  4S4, 485:  Grimaldi  dentition,  447. 

Von  Luschah;  Nordic  ace,  492. 

\YASHAKIUS,  193;  dentition    of,    192. 

Watson:  auditory  ossicles,  origin  of,  18; 
crushing  type  of  upper  teeth,  origin  of, 
22;  Diademodon,  18;  moUis  of  cynodonts, 
origin  of,  17;  Fachygeneleus,  29,  X,  31. 

Weber:  anatomy  of  the  Hapalidie,  232. 

Weinberger:  human  skull'  loaned  by, 
416;  human  teeth  loaned  by,  423. 

Werih:  ParapUhecus,  284, 285. 

WiLLUUS:  collection  in  the  American 
Museum  of  Natural  History,  444;  racial 
charactei^  in  surface  of  incisors,  478. 

Wind  Rives  beds,  194. 

Wince:  origin  of  paracone,  103. 

Woodward,  A,  S.:  Dryopithecus,  328, 
334;  D.  jontani.  329,  420;  Eoanlhropus 
described,  350;  Heidelberg  jaw, 
lower  jaws  of  chimpanzee,  Piltdown, 
Heidelberg,  and  modem  man,  352,  353; 
neanderthaloids,  origin  and  relation- 
ships of,  458;  Piltdown  canine,  xv 


Piltdown  jaw,  350;  Piltdown  molars, 
354. 

Woodward,  M.  F,  :  cusp-rotation  hypothe- 
sis, 103. 

Wortkan:  Cope's  theory  of  trituberculy, 
v;  Cope-Osbom  theory  rejected,  vii; 
Eocene  tarsioids  of  North  America,  187; 
Eskimo,  dentition  of,  479;  Hap«Iidte 
primitive  and  generalized,  229;  Hemi«- 
radon,  190,  192;  Hyopsodontidz  not  pri' 
mates,  118;  Nothnrctids  not  lemuroida, 
123;  Omomys,  dental  formula  of,  188; 
Omomyt  and  Washakius  related  to  Adapis 
and  A'dfAarcfiu,  216;  placentab,  origin  of, 
100;  Platyrrhime,  origin  of,  217,  280; 
"premolar  analogy"  theory,  103,  150; 
protocone,  origin  of,  ix;  tarsioids  trans- 
ferred to  Anthropoidea,  216. 

XANTHOIDS,  491. 

2ALAMBD0D0NT  inseclivores.  52.  74, 
101.  105.  107,  156. 

:  molars   of   modem    man, 


Zygomatic   arch   of   cynodonts.    17;    of 
Pinielrodon   14:  oiigin  cf,  81. 


